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STUDIES IN PERSONALITY 


A. HYPNOTIZABILITY AS A PERSONALITY TRAIT 
AND ITS TYPOLOGICAL RELATIONS 


BY HERBERT BARRY, JR., DONALD W. MACKINNON 
AND HENRY A. MURRAY, JR. 


Harvard Psychological Clinic 


INTRODUCTION 


Since the classic controversy between the Nancy and the Paris 
schools of psychiatry, diverse views have been held in respect to the 
nature of hypnosis and the distribution of hypnotizability as a person- 
ality trait. The subject is still a matter for dispute. 

It will be remembered that Liébault and Bernheim held that hypnosis 
was a particular state of intensified suggestibility brought about by 
suggestion itself, and that under the proper conditions almost everyone 
was hypnotizable; whereas Charcot and later Janet, his successor at 
the Salpétriére Clinic in Paris, maintained that hypnotizability was a 
symptom of hysteria, and hence only hysterics could be hypnotized. 
Janet, indeed, claimed that hysterics lost their hypnotizability as they 
became free of symptoms. The Nancy School, on the other hand, main- 
tained that hysteria was a manifestation of hyper-suggestibility to endo- 
psychic stimuli, just as hypnosis was the result of hyper-suggestibility 
to exopsychic stimuli. In other words, for these workers suggestibility 
was the central concept in both phenomena.’ 

In the minds of most workers this initial problem in the controversy, 
about which is the cart and which is the horse as between suggestibility 
and hysteria, has been decided in favor of the Nancy School. Suggesti- 
' bility is the more inclusive concept. For whereas under the proper con- 
ditions most hysterics are hyper-suggestible and hypnotizable, the 
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majority of suggestible and hypnotizable persons are without the symp- 
toms of hysteria. That there are different forms of suggestibility which 
are not correlated with one another need not concern us at the moment; 
for we limit our discussion to that type of hyper-suggestibility—some- 
what tautologically named hypnotic suggestibility—which is considered 
to be a genetic factor in both hypnosis and hysteria. 

In the subsequent developments of the subject it was Janet who made 
the significant contributions. The question to be answered was this: of 
what form of psychic constitution is hypnotic suggestibility a manifes- 
tation? Janet *° said a dissociable constitution ; dissociability being due 
to the diminution of a certain force that was conceptualized as integrat- 
ing the various components of the personality into a whole. He called 
this force psychic tension. The theory that seems most widely accepted 
at present is that psychic hypotension, or dissociability, is the rcot 
concept of which hypnotizability and all the symptoms of hysteria are 
but objective manifestations. Consequently, hyper-suggestibility or 
hypnotic suggestibility is a result or manifestation of a state of disso- 
ciation, which may be brought about in dissociable persons by sugges- 
tions of a certain kind or, as experience has shown, by fatigue, conflict 
or sudden shock. Since in ordinary life a state of dissociability is not 
uncommonly the outcome of a severe shock, it is the present view of 
Kretschmer ** and others that, given a sufficient psychic trauma, almost 
anyone may develop hysteria. On the other hand, to explain how it 
happened that under a given psychic load, war for instance, some 
persons did and others did not develop hysteria, one would have to 
refer, among other factors, to individual differences in dissociability. 

The typological correlations of dissociability in general and of 
hypnotizability in particular are the subject of the present investigation. 
Hypnotizability may be spoken of as a trait—or in our nomenclature a 
minor disposition—when the word is used conceptually to denote a 
particular more or less constant configuration of the personality which 
is objectified or manifested by reaction patterns of a limited type. A 
trait, or minor disposition, is in turn the manifestation of a functioning 
major disposition or of a number of confluent major dispositions. We 
should consider that a trait was a habitual dynamic state, partly innate 
and partly acquired, which might be modified within certain limits by 
experience and training. 
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TYPOLOGICAL CONSIDERATIONS 


Janet went on to make a thorough and comprehensive examination 
of the personality of the hysteric, the account of which stands as the most 
concise and brilliantly ordered typological description in the literature.® 
It seemed that all the manifestations of the hysteroid type might be sub- 
sumed under the concept of psychic hypotension (dissociation). 

Further studies then led Janet to make his memorable distinction 
between hysteria and psychasthenia.* The hysterics were characterized 
by what appeared to be disorders of the voluntary and sensory nervous 
systems, paralyses, convulsions, mutisms ; anaesthesias and paraesthesias, 
blindness and deafness (positive and negative sensory presentations) 
and certain peculiar dissociated states, of greater or less duration, which, 
like sleep, were insulated from the continuity of the normal waking 
consciousness (conditions attended with amnesia, i.e. the absence of 
the sensory presentations which might be expected). The latter states 
took various forms: somnambulisms, fugues, alter personality episodes 
and so forth. 

The psychasthenics (obsessives), on the other hand, formed a rather 
large and heterogeneous group characterized by a symptomatology more 
purely mental, which included mood and emotional disorders, such as 
phobias and general anxiety (emotive presentations) ; obsessional ideas 
(cognitive presentations) and compulsive forms of behavior (conative 
presentations). 

Now it was observed that the majority of psychasthenics were not 
hypnotizable ; a fact which led Freud to develop the procedure of free- 
association to replace hypnosis as a method for obtaining lost memories 
from patients of this group. And so it became a tacit assumption, which 
was never systematically proved, that hypnotizability was one criterion 
for differentiating the hysteric from the psychasthenic subject. 

It is not our purpose to give a complete survey of the studies subse- 
quent to Janet’s which bear upon this aspect of psychological typology. 
As a historical and speculative background for the present research, it is 
only necessary for us to select from among the chief basic psychological 
traits or dispositions that are capable of being identified by their mani- 
festations, those that have some relationship to either hysteria or 
psychasthenia. 

The first of these is introversion, a concept proposed by Jung ™ to 
account for the personality of the schizophrenic. In his “Psychology 
of Dementia Praecox” Jung did not seek to make comparisons with 
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other personality patterns, but in his next study ** he wrote: “Subse- 
quent experience with Dementia Praecox, and particularly the study of 
Psychasthenia in Paris, have demonstrated to me the essential relation- 
ship of Janet’s group with the Introversion Neuroses (the Schizophrenic 
of Bleuler).” When the now familiar dichotomy of extraversion and 
introversion was subsequently developed,’* Jung drew attention to the 
similarity between introversion and psychasthenia and, as a corollary, 
spoke of hysteria as the typical neurosis of extraversion. At this time 
he also made a number of other speculative correlations between the 
extravert-introvert classification and certain categories proposed by 
previous investigators. The most notable of these was the identification 
of extraversion with the shallow-broad type of mental process (short 
secondary function) and introversion with the deep-narrow type (long 
secondary function) as defined by Gross.* The secondary function was 
a concept devised to explain the persistence and elaboration of a single 
trend of thought, a trait which was particularly noticeable in certain 
cases of obsessional depression. It was supposed that the psychical 
element, whatever it was, after its presentation in consciousness re- 
mained active (secondary functioning) and regulated further associa- 
tions. A long secondary function seemed to be identical with what 
G. E. Miiller called perseveration ; and Spearman,”* who approached the 
problem from a purely objective standpoint, hypothetically considered 
them as such. Perseveration was now defined as the lag or inertia of 
cognitive processes and for measuring it Spearman devised tests which 
showed a satisfactory degree of intercorrelation. It was thus demon- 
strated that a definite trait was being measured which varied markedly 
in degree from one individual to another. By this view perseveration 
as mental lag was a concept which included the ‘perseveration’ of G. E. 
Miiller and the ‘secondary function’ of Gross and even constituted, so it 
was supposed, the solid core of Jung’s introversion concept. Spearman 
also classed Stern’s objective type with the extravert and his subjective 
type with the introvert. 


A new outlook on the type problem was furnished by Kretschmer,** 
who approached it from a study of manic-depression and schizophrenia. 
He proposed two personality types, the cyclothymes and the schizo- 
thymes ; categories which in the minds of most workers became at once 
associated with the extravert and introvert respectively. Notable among 
the followers of Kretschmer were Wertheimer and Hesketh,** who drew 
approximately the same distinction between those whose interest flowed 
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outward and became attached to the world of objects and people, and 
those whose energy remained egocentric and insulated by protective 
attitudes. Instead of extraversion and introversion, however, Wert- 
heimer and Hesketh proposed for the two types the terms syntropic and 
ideotropic respectively. They found that these two types, as determined 
by an investigation of their personality histories, were correlated with 
manic-depression and schizophrenia, as diagnosed in the hospital. 


Kretschmer correlated his cyclothymic group with certain anatomical 
and physiological markings which taken together formed the pyknic 
type (the stout, hairy, hearty physique) and his schizothymic group with 
what he named the asthenic type (the thin, hairless, flat-chested 
physique). The athletic physique stood between the two. 


Wertheimer and Hesketh, on the other hand, laid more emphasis on 
anthropometric measurements. They came to the conclusion that the 
following formula: 


Chest: sagittal diam. X antero-posterior diam. X horizontal diam. 
Height 


was the best anatomical index for differentiation. It was low in schizo- 
phrenia and high in manic-depression. 





Other concepts and hypotheses have been advanced, but much of 
the recent work, such as that of Neymann and Kohlstedt *° has been 
based upon the hypothesis that hysteria, extraversion, cyclothymia and 
manic-depressive insanity are in one class and psychasthenia, intro- 
version, schizothymia and schizophrenia are in another. This hypoth- 
esis is to be reached by a combination of the results and assumptions 
offered by the investigators whose work has just been cited; and among 
others McDougall *® seems to have tentatively accepted it. 


The whole matter may be represented in the following schematic 
summary : 


Psychotic types 
Manic-depression (Kraepelin) Schizophrenia (Bleuler) 


Psychoneurotic types 
Hysteria (Janet) Psychasthenia 
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Personality types 


Extraversion (Jung) Introversion 
Cyclothymia (Kretschmer) Schizothymia 
Syntropism (Wertheimer & Hesketh) Ideotropism 

Short secondary function (Gross) Long secondary function 
Objective (Stern) Subjective 





Hypnotizability Non-hypnotizability 
Non-perseveration (Spearman) Perseveration 


Anthropometric types 
Pyknic (Kretschmer) Asthenic 
Chest volume ,. . Chest volume 

Height high (Wertheimer ~ Height — 

This list makes a very neat set of dichotomies supposedly correlated 
and as a first approximation may have some speculative value. At least 
it should stimulate further investigations and hence modifications of the 
scheme based upon more sharply observed facts. 

The probabilities of error in such dichotomizings, however, are 
obvious enough. The fact that A is positively correlated with B, and B 
with C, and C with D, does not allow one to conclude that A is posi- 
tively correlated with D. Many elements, moreover, are correlated not 
with the absolute amount of one other factor but with a quantitative 
relationship, such as a ratio of factors. As an example let us take the 
hydrogen ion concentration in the blood. At one time it was considered 
that the estimation of base as bicarbonate could be used as a measure- 
ment of the hydrion concentration since the two were usually inversely 
proportional. When it was discovered that the hydrion concentration 
might be high (acidosis) with a high concentration of base (cf. 
asphyxia) or it might be low (alkalosis) with a low concentration of base 
(cf. overbreathing), it became evident that to know the hydrion con- 
centration, the free acid must be measured simultaneously with the 
bicarbonate. In other words, the hydrion concentration was a function 
of the acid-base ratio. Boyle’s law giving the relation of volume, pres- 
sure, and temperature is another case in point. 

Such criticism based upon theoretical grounds may be supported by 
empirically grounded considerations which have tended to show that in 
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many respects the schematic correlations outlined above are untenable. 
Let us enumerate a few of them. In the first place, analysis revealed 
the fact that psychasthenia, as described by Janet, was a very hetero- 
geneous group which included many psychotic cases. At least two 
psychoneurotic entities were abstracted from it: anxiety neurosis (re- 
named by Freud, anxiety hysteria) and compulsion neurosis. Other 
corrections followed. Further studies led Jung, for instance, to modify 
his view that schizophrenia was invariably correlated with introversion 
and manic-depression with extraversion.”* Then objections were raised 
to the association of objectivity and subjectivity with extraversion and 
introversion respectively; this point of view being represented by 
Hinkle’s * typological system, which differentiated six classes: simple 
extraverts and introverts, subjective extraverts and introverts, and 
objective extraverts and introverts. Finally we may mention Lund- 
holm’s ** aggregated evidence to show that hysteria is more closely 
allied to schizophrenia than to the affective psychoses (manic- 
depression ). 

From this it would seem that the schema of typological formula- 
tions given above is a rather unsubstantial speculative apposition of 
items which are neither identical nor dependent upon a common factor. 
And the reader may wonder why it is that we have taken the space to 
discuss their development if at the end of it all we are to discard them. 
The reason is that we consider these preliminary classifications sug- 
gestive and, although unacceptable in their present form, directive of 
attention towards matters of the utmost importance to psychology. In 
subsequent communications we shall have occasion to refer to them. 

At this point the most substantially constructive direction of effort 
would be the attempt to define precisely and, if possible, measure one 
significant trait at a time, to determine its variability and distribution 
amongst normals and abnormals, to correlate it with other traits at 
different ages and in the two sexes, and finally to determine how it is 
organized dynamically as part of the total personality. 

Since personality is to be conceived of as a composite of disposi- 
tions which vary as to their quantitative proportions and as to their 
forms of functional organization in space and time, the ability to express 
a disposition in quantitative terms (representing intensity or protensity) 
is what makes a typological system possible. 

The attempt so to express functionally significant traits is met by 
certain insurmountable difficulties. For instance, one must examine 
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subjects under special and perhaps unnatural conditions (cf. laboratory 
or consultation room) or trust to subjectively complexioned accounts of 
more customarily experienced events. But if one is to discover any- 
thing objectively valid, one must resign oneself to an arbitrariness which 
does a certain violence to the subtleties and infinite variabilities of human 
nature. 


The present investigation has concerned itself with dissociability in 
general and hypnotizability in particular as the best known criterion of 
dissociability. We wished to determine whether hypnotizability as a 
trait was correlated with other discoverable manifestations of dissocia- 
bility ; and whether these in turn were correlated with still other disposi- 
tions such as extraversion and introversion. 


TECHNIQUE OF HYPNOSIS 


We desired to develop a technique for hypnosis which might be fol- 
lowed by any experienced operator with the expectation of obtaining 
objectively valid results; that is, results that would be quantitatively 
similar to those obtained by other operators under similar conditions. 

For this purpose a set of experiments was performed in each of two 
consecutive years using volunteer members of the class in abnormal 
psychology as subjects. The 1928 group was composed of thirty men 


(Harvard) and four women (Radcliffe), and the 1929 group of twenty- 
two men (Harvard) and seventeen women (Radcliffe). There were 
thus seventy-three subjects in all. 

Since the results of 1929 were essentially comparable with those of 
1928, only differing in respect to a greater precision and uniformity 
between operators, we shall limit ourselves to a description of the im- 
proved technique of 1929, indicating in a footnote how the technique of 
1928 differed from it. 

In 1928 each subject was tested for hypnotizability by three opera- 
tors, designated as A, B and C, and in 1929 by two operators, A and B, 
(H. A. M. and D. W. MacK.) who worked independently. 

Each operator initiated a third or a half of the group (depending 
upon whether there were three or two operators) to the hypnotic test. 
In each case a short introductory talk was given to make certain as to 
the codperativeness of the subject, to assure him of the innocuousness 
of the proceeding and to direct him towards an attitude of passivity. 
The test was carried out in a slightly darkened consultation room with- 
out a witness. 
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As deep a state of hypnosis as possible was induced on the first 
trial and within two days each subject returned for a second trial with 
the same operator. This was considered advisable in view of the 
apprehension that is frequently attendant upon a person’s first experi- 
ence with hypnosis. The markings on the second trial, however, rarely 
differed from those on the first, and we now believe that the double test 
was unnecessary. After the two trials with one operator the subject 
was given one trial with each of the other operators at intervals of a 
day or more. 

To obtain hypnotic suggestibility the subject was directed to lie on 
a couch with head slightly elevated and eyes focussed upon the head of 
a pin stuck in the opposite wall. The usual procedure for inducing 
relaxation, drowsiness and sleep (i.e. statements in a subdued, monot- 
onous voice accompanied by pressure on the forehead and stroking) was 
employed for about five or six minutes before the specific suggestions to 
measure the degree of hypnosis were given. 


HYPNOTIC INDEX 


Hypnosis, it is conceded, may vary as to depth, but there is no 
general agreement in regard to the number or character of the stages 


(degrees of depth). Some experimenters have found it convenient to 
define three stages, others six, others nine. The tendency has been to 
make artificial distinctions that were not easily identifiable by other 
experimenters. 

With the intention of finding and settling upon a pragmatically 
suitable formula, we selected suggestibility and amnesia as the chief 
criteria of hypnosis and adopted the following method for scoring: 


Suggestion 


After the subject had become thoroughly relaxed on the couch and 
his eyes closed in the guise of sleep, the following suggestions were 
given: (i) you cannot open your eyes; (ii) you cannot raise your arm 
from the couch; and after straightening the subject’s arm in a vertical 
position, (iii) you cannot bend your arm; and after interlocking the 
fingers of both hands, (iv) you cannot separate your fingers ; and finally 
(v) you cannot speak your name. Before waking the subject, amnesia 
was suggested. 


o = No suggestions carried out. No tendency at all for them 
to be carried out. 
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1 = No suggestions carried out, but clear evidence of a diffi- 
culty or hesitancy in surmounting them. 
1.5 = One suggestion carried out. 
2 = Two or three suggestions carried out. 
2.5 = Four suggestions carried out. 
3 = All suggestions carried out. 


Amnesia 


0 = No loss of memory and no difficulty in recall. 
0.5 = Difficulty in recall, cloudiness, but final memory. 

1 = Partial loss of memory. 

2 = Complete or almost complete loss of memory. 


As a measure of hypnotizability (Hypnotic Index), the ratings for 
suggestibility and amnesia were added together for each subject. Con- 
sequently the hypnotic index might vary from o (no hypnotizability) to 
5 (complete hypnotizability ) .* 

After the termination of each test introspections were collected, and 
after the series of tests were complete each subject was asked to mark 
himself as to hypnotizability with each operator in terms of the formula 
used by the operators. 


It was agreed before the experiments commenced that if an operator 
considered that one of his subjects was consciously uncodperative he was 
to proceed as usual, but that the case was to be excluded from the final 
tabulations. The reason for this was that we wished to measure hyp- 
notizability and not rapport. In any test whatsoever the codperating 
attentiveness of a subject is essential. In the case of hypnosis it is a 
subtle matter but uncodperativeness may usually be detected in the 
initial stages. In 1928 four cases were excluded on these grounds, 
and in 1929 none. 


*In 1928 the technique differed in the following respects: (a) under suggestion, 
the markings 1.5 and 2.5 were not used, and the marking 2 read: “Some, but not 
all suggestions effective”; (b) the suggestion: “You cannot separate your fingers” 
was not employed; (c) under amnesia, the marking 0.5 was not used; (d) no 
special effort was made to secure uniformity of technique for the induction of 
hypnotic sleep. One operator limited himself to ten minutes, whereas another 
persisted for forty minutes or more in some cases. In 1929 better results were 
obtained by agreeing upon a more or less definite procedure which lasted in each 
case about fifteen minutes. 
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RESULTS OF HYPNOTIC TEST 


The ratings for the hypnotic test (hypnotic indices) as determined 
by averaging the results of the three operators in 1928 and the two 
operators in 1929 are given in Table 1. 


TABLE 1 
The Distribution of the Hypnotic Index 





NUMBER OF SUBJECTS 
1928 1929 


Men Women Men Women tm 





4-5 13 
3-3-9 21 
2-2.9 II 
I-1.9 16 
0-0.9 12 
Total 73 


Examination of this table will reveal that there is a more or less 
uniform distribution of scores over the entire range. This is not what 
is to be expected in the measurement of a trait, for a normal distribu- 
tion is characterized by a definite aggregation in the midzone. Perhaps 
the method of grouping shown in Table 2 is more valid. 


TABLE 2 








CLASSIFICATION H. I. 





Suggestibility with amnesia 3.6-5.0 
Suggestibility without amnesia 1.1-3.5 
No suggestibility 0-1.0 
The tests show no significant sex differences : 
Average hypnotic index 
women 28 (4 cases) 
1928 


women 
1929 
men 2.6 


To estimate the value of the method as an objective index for some 
potential psychological state existent in the subject we must compare 
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the scorings given by the different operators. In 1928 the coefficient of 
correlation * between the scores of operators A and B was .80; of A 
and C .63; of B and C .73. In 1929 the correlation between the scores 
of A and B was 81. The average correlation between operators was 
then .74; or somewhat higher by the improved technique. With the 
average score of the operators as standard, what is the average devia- 
tion of each operator for each case? In 1928 it was 0.54; and in 1929 
it was 0.32. This improvement is, we believe, a measure of the in- 
creased precision of our technique. Under the present procedure, then, 
the average error of each operator is about 6.4 per cent. In but one of 
the thirty-nine cases was there a discrepancy of more than 1.5 points 
between the scores of the two operators. 

Comparison of the objective and subjective scores shows a some- 
what surprising uniformity. The coefficients of correlation between the 
operators’ and the subjects’ scores were as follows: In 1928 for operator 
A, .92; for operator B, 82; and for operator C, .83. In 1929 for 
operator A, .94 and for operator B, .94. The average of these corre- 
lations is .89. In 1928 the average difference between the subjects’ and 
the operators’ score was 0.58; in 1929 it was 0.28. Of those subjects 
who disagreed with the operators’ scores sixty per cent rated them- 
selves lower than did the operators and forty per cent higher. This 
shows a slight tendency for the operators to overrate their achievements 
or for the subjects to underrate their hypnotizability. 


Thirteen of the 1928 group of subjects were re-hypnotized by the 
same operators about five months later. The correlation between the 
average scores in the fall and in the spring was 0.73. This is about the 
figure that one would expect for a psychological test after such an in- 
terval. In this case it would have been higher if a more objective, and 
hence suggestibly unreceptive, attitude had not been engendered by a 
scientific study of hypnosis during the intervening period. 

A correlation of approximately + .75, then, is what one may expect 
between two performances of this test as executed by different men or 
as done by the same man when several months intervene between 
performances. 


The results of these experiments seem to indicate that our procedure 


* All the correlation coefficients reported in this paper were obtained by use 
of the product-moment formula of Pearson; except in a few instances in which 
Spearman’s foot rule method was employed. Coefficients obtained by this latter 
formula will be designated by the letter f in parentheses (f) after the number. 
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falls within the category of tests having objective validity and conse- 
quently the hypnotic index may be used as a convenient objectively 
verifiable measure of a trait which may be designated as hypnotizability. 
Our figures show that according to the conditions of the technique 
twenty-five per cent of a sample college group are hypnotizable to the 
extent of complete suggestibility with some amnesia. 

For purposes of comparison with other traits in a series of 
experiments performed during the academic year 1928-29, we selected 
those cases with hypnotic indices of 3.0 or over. Henceforth in this 
paper we shall refer to these subjects as the H-group. The subjects 
that scored 1.0 or below, we shall designate as the non-H-group. 


HYPNOSIS UNDER OTHER CONDITIONS 


(a) Group hypnosis. Following the practice of Wells,?* one attempt 
to hypnotize a class of some fifty students was made in 1929. Instruc- 
tions and suggestions were given very much as in the test for obtaining 
the hypnotic index, but in this case each subject was sitting relaxed in 
his seat. The suggestions given were: (1) you cannot lift your feet 
off the floor, and, after the fingers of the two hands had been inter- 
locked, (2) you cannot separate your hands. No attempt was made to 
produce amnesia. The coefficient of correlation between the scores in 
this test and the hypnotic indices was .52 + .o8. 


(b) Hypnotic and waking suggestibility as measured by the Hull 
Technique.’ Ina further attempt to determine the relationship between 
the hypnotic index and suggestibility under other conditions, a series of 
experiments which lent themselves to a more precise quantitative treat- 
ment was conducted. (H. B. and D. W. MacK.) 


Technique 


Upon arrival in the experimental room the subject was asked to read the fol- 
lowing instructions. 

You are going to take part in an experiment involving various psycho- 
logical factors which have rather important implications from a theoretical 
standpoint. You will be blindfolded throughout the course of the experi- 
ment. It is important that you adopt a perfectly natural attitude during 
the course of the experiment in so far as you are able. In other words, try 
to behave just as you would in any situation outside the psychological lab- 
oratory, except when you are told to adopt some other specific attitude. 

The only stimuli that will be presented will be words spoken in a natural 
tone of voice. 

The eyes of the subject were then covered with tight fitting goggles, the 
lenses of which had been painted black to make a perfect blindfold. After which 
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he was moved by the two experimenters in a purposely awkward manner so that 
he was standing about four feet from a high table on which was placed the Hull 
apparatus. As the subject was being moved into position one of the experimenters 
clipped the thread of the apparatus to the back of the subject’s coat collar by means 
of a paper clip. No subject was aware of this attachment being made—the 
awkward handling having directed his attention to the general movement of his 
body. 

The Hull apparatus has been described in detail elsewhere." In brief the set- 
up is such that the thread attached to the subject’s collar runs back about four 
feet and several times around a flanged aluminum pulley. This pulley has a 
smaller flange, one third the diameter of the outer flange, around which another 
thread is wound several times. At the end of the brass rod is attached a stylus, 
and a light torsion spring to keep the stylus bearing with a constant pressure on 
the smoked paper of a kymograph drum. In this way any movement on the part 
of the subject is recorded on the kymograph paper on a vertically oscillating line, 
the excursion of the line being one third of the movement made by the subject. 

The waking suggestions which were given were that the subject was either 
falling forwards or backwards. But since no one is able to stand perfectly motion- 
less while blindfolded, and since subjects vary greatly in the extent to which they 
sway, it was necessary to obtain a measure of the normal sway of each subject. 
Accordingly the first record taken was a normal record, the directions being: 


“I'd like you to stand right here, please. Stand in a comfortable posi- 
tion with your feet apart. You will stand there for about a minute. All 
right, we'll begin now.” 

A minute record was then taken. 


After a few minutes rest the subject was asked to daydream. The directions 
were: 
“For the next few minutes, allow yourself to daydream. Just give your- 
self up to any pleasant phantasy, allowing your mind to go off into a state 
of dreamy reverie.” 


The suggestions given after one minute, to allow the subject to have his reverie 
well started, were spoken in a very soft voice by the experimenter, who was stand- 
ing about ten feet away. The suggestions were as follows: 

“You're falling forward, you're falling forward, you're falling forward, 
you're falling forward. Falling. Falling forward, falling forward, falling 
forward, falling forward. You're falling forward. Falling. Falling. 
Falling forward. Further forward. Further forward. Falling forward. 
Further. Falling forward.” 


After a further few minutes rest the subject was asked to assume his natural 
attitude. The directions given were: 
“T’'d like you to stand right here, please, again. Stand in a comfortable 
position with your feet apart. I do not want you to daydream as you 
did this last time, but rather assume your natural attitude as though you 
were not in the laboratory, but outside. You will stand there for about 
two minutes, and if you’re ready we'll begin now.” 








STUDIES IN PERSONALITY 15 


After a lapse of ten seconds the kymograph was started and the following 
suggestions were given by the experimenter in his natural tone of voice as he 
stood beside the subject. 

“You're falling forward. You're falling forward. You're falling 
further forward. Further forward.” Etc., as before. 

After a further rest of a few minutes the final record was taken, the sug- 
gestions being given while the subject was in a state of relaxation. The instruc- 
tions were: 

“I'd like you to stand right here, please. Stand in a comfortable position 
with your feet apart. Relax all over so that your whole body feels dull 
and heavy. Perfectly relaxed. Relaxed all over. (Lift arm and let it drop 
to be sure relaxation has taken place.) Relax mentally, too. Just forget 
all that you’ve been thinking about before coming in here, and now just 
think of complete muscular and mental relaxation. Be just as passive as 
possible and listen to everything that I say. Don’t resist what I say and on 
the other hand don’t try to consciously or voluntarily carry out what I 
say; but rather just attend to everything and accept in a passive, completely 
relaxed and uncritical manner everything that I say. All right, if you 
are completely relaxed we'll begin now.” 


After a lapse of ten seconds the kymograph was started and the following 
suggestions were spoken very softly by the experimenter who stood about ten 
feet from the subject. 

1. “You are going to sway forward. You are swaying forward now. 
You can’t help yourself. You are swaying forward. Further forward. 
Forward. Forward. Swaying more. Further yet. Further yet. You are 
leaning forward still more. More. More yet. More yet. Still more. 
Further forward. There you go further forward. Swaying forward more. 
More still, leaning further still. Further forward.” 

2. “Now you're going to sway backward. You're going to return to your 
original position. You’re swaying backward. Back more. More. Back 
more yet. Back to your original position. You are swaying back. Back. 
Further still. Swaying more. Still more. Back further yet. Way back 
now. You're swaying way back. Way back. More still. Further back. 
Further. Further. Back more. Still more. Way back now.” 


In this way four records were obtained of the extent of body sway 
under four different conditions : 


1. Normal state with no suggestions. 
2. Suggestions in daydream state. 
3. Suggestions in normal state. 

4. Suggestions in relaxed state. 


A measure of suggestibility under the three different conditions 
was obtained in the following way. On the records the extent of varia- 
tion in movement, that is, the distance from the lowest point on the 
curve to the highest point, was measured vertically in terms of % of an 
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inch. On the first record this measurement gave an index of each 
subject’s normal mobility. The value thus obtained for each subject 
was then subtracted from the value obtained for each subject in the 
other three records, thus giving indices of suggestibility in the day- 
dream state, the normal state, and the relaxed state. 

An inspection of the records at once reveals the fact that suggesti- 
bility is not the same under the three conditions. Whereas a subject 
may sway forward to the limit, even breaking the thread, in the relaxed 
state, the same subject may sway practically not at all in the normal 
attitude state. 

This is further shown when the scores of the subjects under the 
different conditions are intercorrelated. 


Suggestibility in Suggestibility in r 
Daydream state with Relaxed state 65 + .087 
Daydream state with Normal state 48 + .11 
Relaxed state with Normal state 422.12 


These figures would seem to indicate that there are subtle differ- 
ences in a subject’s suggestibility which are dependent upon the physical 
and mental condition or attitude of the subject. They further indicate 
that the state of daydream and the state of relaxation are more alike 
in respect to their conduciveness to suggestion than are any other two 


states. This is what we would theoretically expect to be the case. 

To determine the relationship between hypnotizability (H. I.) and 
suggestibility under the three investigated conditions the following in- 
tercorrelations were worked out: 


r 
Hypnotizability with Suggestibility in the Relaxed state 522.12 
Hypnotizability with Suggestibility in the Daydream state 23 + .16 
Hypnotizability with Suggestibility in the Normal Attitude state —.06 + .17 


The correlation here between hypnotizability and suggestibility in 
the relaxed state is significant and is in agreement with the correlation 
of .52 + .08 which was obtained between the hypnotic indices and the 
scores in group hypnosis. In both cases the attitudes assumed were 
very much like that established in the standard hypnotic test. 

We have seen that the standard hypnotic test correlates with itself 
about +.75. Now we discover that the correlation with hypnosis as 
measured by the group test and the swaying test is approximately +-.52. 
These low figures should warn us that when we come to correlate 
hypnosis with other traits different from hypnosis but expressive of 
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a similar underlying disposition we should not discard results that give 
us a correlation of over +-.30. 

The correlation between hypnotizability and suggestibility in the 
daydream state is positive but hardly significant. The reason for this 
may well be that the daydream state was rarely obtained. At least, 
many subjects reported that they were not able to lose themselves in 
reverie. Standing blindfolded in a psychological laboratory is not, to be 
sure, the most auspicious condition for unleashing phantasies. The 
correlation between hypnotizability and suggestibility in the normal 
attitude state is —.06+.17. This fits in with other results to be 
discussed later. 


THE NATURE OF HYPNOSIS 


In the interpretation of psychological phenomena from the stand- 
point of personality differences, we have been accustomed to expect 
two complementary forms of explanation: (1) the finalistic, and (2) 
the aptitudinal. The finalistic description explains individual differ- 
ences in terms of the varying intensity of particular needs (cf. instincts, 
desires, predominant tendencies) ; whereas the aptitudinal description 
accounts for these differences in terms of varying degrees of specific 
abilities (cf. capacities, skills, functional efficiencies). A man may 
become a painter because he has a great admiration for the old 
masters, or because he has a natural aptitude for the perception of 
color values. And so we see many persons siruggling unsuccessfully 
yet valiantly at vocations for which they are not fitted, as well as per- 
sons of talent who, because of a lack of desire, never achieve excellence. 

Applying this reasoning to the matter at hand, hypnotizability, we 
might say that a person is hypnotizable because he wants to be (con- 
sciously or unconsciously) or because he has the capacity to be; and 
the degree to which he is hypnotizable is a measure of his need or his 
aptitude or both. 

In this section let us consider the question of what needs of the 
subject are fulfilled in the hypnotic experience. Two hypotheses have 
been advanced to account for hypnotizability on this basis: namely, (1) 
the need for submission (McDougall)*® and (2) the need for sex 
(Freud). The need for submission (cf. masochism) includes the 
desire for guidance and the passion for worship and sacrifice. If this 
need were the determining factor in the hypnotic situation we should 
expect to find variations in the same individual correlative with varia- 
tions in the degree of self-assertion and prestige of different operators; 
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and to account for individual differences with the same operator, varia- 
tions in the intensity of this need in different subjects. 

(a) The prestige and personality of the operator has been variously 
estimated by different authorities. The public, learned in the tradition 
of Mesmer and the professional vaudeville hypnotist, have very gener- 
ally believed in the irresistible force of a Rasputinish personality with 
magnetic eyes; and the Nancy School, it seems, were not unfavorable 
to this view. Among those who have stressed the importance of the 
operator may be mentioned Krafft-Ebing, Schrenk-Notzing, and Forel.‘ 


Our own experiments were not planned to provide a conclusive 
answer to this question. If this had been our object we should have 
selected operators with unequivocal individual differences as to age, 
reputation, assertiveness and so forth. It is true that there was a dif- 
ference in rank: an assistant professor (A), an instructor (B), and 
an assistant (C), and that the first of these gave the lectures in the 
course; but in other respects, age, height, weight, reputation, and self- 
assertiveness, there were no marked differences and the setting for all 
the experiments was the same. That no variations due to the rank of 
the operators occurred is shown by averaging for each operator the 
objective and subjective scores for all subjects and comparing the total 
figure with faculty rank. In 1928 the average score of 28 subjects for 


A was 2.195; for B was 2.075; and for C was 2.285. In 1929, the 
average score of 39 subjects for A was 2.535, and for B was 2.520. 


The rather extraordinary consistency in the results obtained by the 
three operators, however, does not suggest that the personality of the 
operator is an important factor in the degree of hypnosis induced. Our 
past experience under the guidance of Dr. Morton Prince has given us 
a similar impression. Once the codperation of the subject (rapport) 
is obtained it seems to make little difference who is the operator. It has 
repeatedly occurred that subjects with high hypnotic indices as measured 
in the clinic were also found to be hypnotizable when codperating with 
their classmates outside the clinic. We recall such cases as that of a 
young lady who was easily hypnotized by her younger sister seventeen 
years of age. Not infrequently a fellow undergraduate will have even 
better success than an instructor. For instance the only subject who had 
submitted to hypnosis before these experiments took place claimed that 
he had been successfully hypnotized by his roommate, whereas in our 
hands he proved to be practically unhypnotizable. These facts and 
reflections, then, lead us to suppose that granting a certain level of skill 
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and confidence on the part of the operator, except in an occasional re- 
fractory case, no further manifestations of skill or power have any 
effect. 

(b) Individual differences in the need for submission. To prove 
the importance of the submissive instinct—a suggestion of McDougall’s 
—it should be shown that the intensity of the submissive or masochistic 
component in the personality of the subject is positively correlated with 
the hypnotic index. This is of course very hard to demonstrate without 
an extended psychological analysis of each case. It is not easy to tell 
in some cases whether an assertive attitude is or is not cloaking an un- 
conscious tendency to submission. We have, however, some data that 
bear lightly on this point. 

In our initial tests it was noticed that the average height and the 
average weight of the H-group (68.8 inches and 142 lbs. respectively) 
were less than the height and weight of the non-H-group (70.5 inches 
and 152 lbs. respectively). This fact seemed to suggest an elementary 
physical inferiority, and hence perhaps submissiveness, which might 
account for some cases. Later experiments, however, proved this to be 
a false lead. For instance, a tall rugged man, the only Varsity football 
player in the class, was discovered to have the highest H. I. in the 
entire group. 

Another false lead, which seemed to be supported by impressions 
gained from past experience, was the notion that hypnotizability was 
proportionately higher among Jews than among Gentiles. Our results 
in 1928 seemed to corroborate this, for we then found that of the total 
number of Jews in the two groups 83 per cent were in the H-group 
(H. I. 3 or above) and 17 per cent were in the non-H-group (H. I. 1 or 
below) ; whereas of the total number of Gentiles in the two groups 55 
per cent were in the H-group and 45 per cent in the non-H-group. This 
finding might be said to hint at the rdle-dominance of the submissive 
instinct in hypnosis, since its presence in the personality of the Jew— 
often unconscious, and compensated for by a powerful development of 
superiority trends—is a matter of common observation (cf. Ludwig 
Lewisohn’s “The Island Within”). However, our 1929 experiments 
with a larger number of subjects did not confirm this point, for we 
now found that a larger percentage of Gentiles than of Jews were 
hypnotizable. Of the total number of Jews in the two groups 67 per 
cent were in the H-group and 33 per cent were in the non-H-group, 
whereas of the total number of Gentiles in the two groups 77 per cent 
were in the H-group and 23 per cent were in the non-H-group. 
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One of us (H. A. M.) recalls a patient suffering from intense 
anxiety associated with certain self-corrective compulsions who, on her 
first visit, asked earnestly to be hypnotized. On analysis, she was found 
to have a very active need for submission, with incessant assault phan- 
tasies. Needless to say she developed a rather extreme positive trans- 
ference for her physician. Despite all this she was found on two 
occasions, after the analysis had progressed for several months, to be 
unhypnotizable. In her case the will seemed to be there but not the 
aptitude. Other similar cases have formed part of our experience. 

Two objective tests which bore upon different aspects of submission 
were presented to the class with negative results. 

A modification of H. T. Moore’s test ** for measuring suggestibility 
to group opinion (collectivism) was devised by one of us (H. B.). This 
test was found to be effective to a large extent outside the consciousness 
of the subject, and hence might be expected to activate a latent or un- 
conscious need for submission if present. 

It was discovered (study to be reported elsewhere) that the atti- 
tude of the subjects who scored low in this test was manifested by non- 
submissive, negativistic forms of behavior, which were carefully 
observed and recorded during the course of a half-term period. S 
(group suggestibility) and H. I. (hypnotic suggestibility), however, 
were only correlated to a small extent (+.22), and among the subjects 
that showed themselves to be the most negativistic, anti-collectivistic, or 
in other words non-submissive, both in the test and in overt behavior, 
there were found some of our most hypnotizable subjects. In 1929 
this test was repeated, and this time there was no correlation whatever 
with the hypnotic index (—.05). This negative result indicates what 
other tests will confirm, namely, that there are many forms of suggesti- 
bility which have no psychological relationship to one another. 

Another test which purports to give a measure of assertiveness is 
the Allport ascendance-submission reaction study. It was designed to 
expose the customary behavior of a person in situations which give 
an opportunity for the objectification of assertive or submissive traits. 
This test was administered to a number of our subjects but no correla- 
tion was found between it and the hypnotic index. 

Our data then, such as they are, lead us to conclude that the need 
for submission, although of crucial contributing significance in some 
cases, perhaps, is not the chief determining factor in hypnotizability. 

(c) Need for sex. The suggestion offered by Freud * that hypnosis 


‘is 
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is an exaggerated transference phenomenon based on the sex instinct 
cannot be understood except in a highly metaphorical sense. If this 
statement were taken literally—and all scientific statements are meant 
to be taken literally—one would have to conclude that we were in truth 
measuring degrees of sexual desire by our hypnotic index. We should 
then have to explain why there were no sex differences in H. I.; and 
investigate whether there were not indications of an overactive homo- 
sexual component in our male subjects with high indices. Manifesta- 
tions suggestive of homosexual tendencies were no more common among 
the H-group than among the non-H-group as far as we could judge. 

If the word sex is taken in a more general sense, as Freud himself 
occasionally uses it, to stand for gregarious and social inclinations, the 
notion might be advanced that hypnotizability is a measure of the herd 
instinct (need for association) in our subjects; an idea which would 
coincide with the theory that places hysteria and hypnotizability in the 
extravert category. We attempted to put this hypothesis to the test. 
It was not simple, since the concept of extraversion includes, we believe, 
a number of distinct psychological items. Nevertheless the operators 
A and B settled upon a list of characteristics which they were to use in 
assigning ranks to the subjects on an introvert-extravert scale. These 
ratings, independently arrived at, showed a surprising agreement. To 
obtain a subjective judgment of the matter the 1929 group was given 
the Neymann-Kohlstedt *° questionnaire for introversion-extraversion. 
The coefficient of correlation between the average scores of the two 
operators and the scores on the questionnaire was .58. As this is a 
significant figure, the rank order obtained by combining the results of 
these two methods of rating (objective and subjective) was accepted as 
the measure of relative introversion-extraversion in the group. When 
this rank order, however, was correlated with the rank order for 
hypnotic indices, no significant coefficient was obtained. We found, in 
fact, that a number of extreme introverts, one of them with the ear- 
marks of schizophrenia, were easily hypnotizable. 


Although our attempts to discover a finalistic or dynamic explana- 
tion of hypnosis in terms of needs have been unsuccessful, it must be 
pointed out that our experiments were not arranged so as to throw such 
a need, if present, into relief. We used only subjects who were willing 
to be hypnotized, a willingness which we took to rest upon their codper- 
ativeness (need for association; herd or gregarious instinct) and to 
some extent upon their scientific interest (need for cognizance; curi- 
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osity). We do not consider that we have fully explored the need for 
submission, and we have not investigated systematically a need which we 
feel, in some cases at least, may play an important rdle, namely, the 
need for attention (self-display instinct; exhibitionism). 

For the present, however, in view of these negative findings we may 
abandon the finalistic in favor of the aptitudinal form of description. 


Before leaving the subject, however, we should like to suggest that 
a distinction be made between rapport and hypnosis. From theoretical 
considerations it would seem probable that the prestige of the operator, 
the submissive instinct and perhaps erotic fixation would play a part in 
the establishment of rapport, but our experiments lead us to believe 
that once the full codperation of the subject has been obtained the 
aptitude, or in other words the psychological constitution, of the subject 
in respect to its dissociability becomes the chief factor which determines 
whether hypnotic sleep is to be induced. 

An incident which demonstrated the importance of rapport as a 
prelude to hypnosis was furnished by one subject who, before the com- 
mencement of the experiments, had chosen operator C to consult about 
some intimate personal problems. Before the hypnotic session with 
operator A, this subject expressed the hope that during the hypnosis he, 
the subject, would not reveal to A any of his secrets. He asked A 
furthermore, in case he did reveal anything, to promise never to disclose 
it. With this anxiety uppermost in his mind he proved to be unhyp- 
notizable (H.I.0.), but in the hands of C, to whom he had given his 
confidence, his H. I. was 3. 

These tests and theoretical considerations lead us to an examination 
of Janet’s psychological constitution concept as a suitable explanation of 
hypnotizability. To Janet there was no difference between the consti- 
tution of the hysteric and that of the hypnotic subject. In both cases 
there was the psychological disposition (potentiality) or aptitude for 
the circumscription or narrowing of focal consciousness with the 
elimination from awareness of other functioning psychical processes. 
It was such a condition which allowed for the vivid, uncritical objectifi- 
cation of psychical elements (cf. sensory presentations) as pseudo- 
physical facts. This somewhat perplexing state of affairs was attributed 
to dissociation, since it was dissociation which brought about the 
narrowing of consciousness as well as the vivid hallucinatory character 
of psychical experience. 
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A COMPARISON OF HYPNOTIZABILITY WITH OTHER 
MANIFESTATIONS OF DISSOCIABILITY 


(a) Hysteria 


Our experiments prove that hypnotizability is a personality trait 
and not merely a symptom of hysteria. Experience has taught us, 
moreover, that hypnosis is not always successful during an attack of 
hysteria. We recall three recent cases: a little girl of twelve years with 
recurrent attacks of mutism, a young woman of twenty years with 
post-operative paraplegia, and an older woman with a coarse tremor of 
an hysterical type, none of whom were hypnotizable. It is probable 
that unconscious resistance to hypnosis functions in hysteria in the same 
fashion as resistance to free-association occurs during an analysis. 

A great deal of evidence has been accumulated, however, which 
though not of a statistical character indicates that hypnotizability and 
hysteria are related. The implication is that a person who has or has 
had hysteria will be hypnotizable, and that a hypnotizable subject who 
becomes neurotic will develop symptoms of a hysterical character. 
Numerous investigations of Prince and others would seem to mark 
this as a probable hypothesis. Our studies add only a modicum of 
positive evidence, for in these experiments we were dealing with a 
normal college group with little symptomatology. 

There was only one instance of hysteria among our subjects. This 
was the case of a man with an H. I. of 4.7 who gave a history of fugue 
at the age of sixteen years. Two subjects acknowledged frank com- 
pulsions. One of them with an H. I. of 1.8 indulged in various self- 
corrective acts, repeatedly turning off the gas at night and so forth. 
The other complained of contamination anxieties and hand-washing 
compulsions. His H. I. was 1.0. These three cases support the 
hypothesis that a high H. I. occurs in hysteria, and a low H. I. in the 
obsessive-compulsion group. In 1929, however, three subjects with 
hypnotic indices above 3 reported trivial compulsions, most of which 
had been outgrown. But since such mild temporary fixations are not 
uncommon in hysteria, these findings do not give us a basis for 


differentiation. 
(b) Manifestations of dissociability in naive experience 
Janet studied dissociation in its exaggerated forms as found in bona 


fide cases of hysteria. And then from these studies he developed 
theories to explain the type of process characteristic of the mental 
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life of hysteria. Now if the present widely accepted generalization 
which explains hypnosis by reference to dissociation is correct, it should 
be possible to discover in hypnotizable subjects characteristics of mental 
functioning which could be attributed to mild degrees of dissociability. 
A little speculation at this point will do us no harm. 


We can conceive of dissociation as occurring both in space and in 
time. By the former, dissociation in space, we refer to a partial or 
complete disjunction within the organization of the psyche, so that two 
synchronous psychological processes—one of them insulated from con- 
sciousness—occur without interaction or functional discord (cf. auto- 
matic writing, anaesthesias, mutisms, and so forth). Dissociation of this 
kind occurring to a mild degree in normal people might be divided on 
theoretical grounds—and it seems to us that observation supports the 
thesis—into two types, one in which attention was inwardly directed 
upon trance-like phantasies, and the other in which it was focussed out- 
wardly upon the presentational immediacy of the sensational world. 
In the former instance the subject would appear abstracted, since the 
psychological processes that related him to the external world were 
temporarily dissociated from the focus of consciousness; whereas in 
the latter instance it would be the usual inner processes, memories, hind- 
thoughts, self-criticisms, and rational considerations which would be 
dissociated as the subject lost himself in the vividness of the concrete 
momentary happening. 


With the term, dissociation in time, we should describe the history 
of mental events when they occurred as a series of discrete moments 
or episodes insubstantially related to one another. We might call this 
psychological atomism. When these moments were dominated by inner 
processes, we should expect episodes to occur which appeared quite 
out of keeping with any tangible objective situation (cf. fugues, som- 
nambulisms). But when the personality was in rapport with external 
happenings, it would bear a chameleonic aspect. In consequence, a 
characteristic feature of the hypnotizable personality would be its 
atomic mobility; its capacity to move from one moment of experience 
to another without delay. Behavior would be characterized by a lack 
of determining general principles. It would give others an impression 
of discontinuity and inconsistency. In the realm of cognition this 
disposition would manifest itself as distractability with a lack of logical 
continuity and relatedness of thought. The exact opposite of this is 
true for the obsessive with his tendency to connect everything by 
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massive generalizations and rationalizations. It was this quality which 
led Janet to amuse himself by suggesting that philosophy was a species 
of psychasthenic compulsion. 

Questionnaire. In numerous hypnotizable subjects these supposi- 
tions relating to the dissociable personality have been confirmed by 
observation, but there have been exceptions that have puzzled us. 
Obviously there was need for a more systematic investigation of the 
subject. And so, as a beginning, an attempt was made to get at the 
subjective aspect of these phenomena by devising a questionnaire 
centred about the principal mental characteristics of the hysteric as 
outlined above. It proved unsatisfactory. It was very difficult to 
word the questions intelligibly, and even when their meaning was un- 
equivocal the self-insight of the average subject was hardly sufficient 
to enable him to answer them. A few of the questions were found to 
correlate rather consistently with the H group (H. I. 3 or above). 
We have no assurance that there was anything more than a chance 
correlation here, but we present them as indicators. 

The subjects were asked to answer the questions Yes or No, and 
to estimate in each case the frequency or intensity of their reactions on 
ao to 5 basis. Thus the scale varied from No 5 to Yes 5. The sub- 
jects were asked to mark themselves not according to their desires, but 
on the basis of a careful recollection of their actual experience in 
the past. 

The following questions in the order named were found to be the 
most effective in differentiating the H-group from the non-H-group. 
The answer (Yes or No) given after the question is the theoretical H 
tendency. In parentheses are given the average H answers and the 
average Non-H answers in degrees. 

It was found in many instances that the H-group taken as a whole 
gave the opposite answer to that which was to be expected. (cf. Ques- 
tions 1, 2, 5, 7 and 11.) In such cases, however, the differences in the 
H-group and the non-H-group were manifested by the degree of cer- 
tainty with which the questions were marked Yes or No. 

Question 1. Do your daydreams ever become so vivid as to take 

on the aspect of reality? 

Answer: Yes (H: Noo.5; Non-H: No 3.4) 

Question 2. Are there many episodes in your life which now seem 

unreal, as though they happened to another person? 


Answer: Yes (H: Noo.7; Non-H: No 3.3) 
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Question 3. Do you feel that you are a very different kind of 
person on some occasions than you are on others? 
Answer: Yes (H: Yes 2.1; Non-H: Noo.4) 


Question 


4. Do you habitually try to connect everything that hap- 
pens with your past experience as well as with the 
future? 





Answer: No (H: No 0.4; Non-H: Yes 1.7) ; 
Question 5. Did you, as a child, do much walking in your sleep? : 
Answer: Yes (H: No 2.4; Non-H: No 4.4) 
Question 6. Do you find it necessary to complete an undertaking © 
you have once started no matter how boring and ~~ 
irksome it has become? 4 
Answer: No (H: No 0.6; Non-H: Yes 1.3) ‘ 
Question 7. As a child, did you often have tantrums or fits of : 
temper ? 
Answer: Yes (H: No 0.9; Non-H: No 2.7) : 
Question 8. Do you find it easy to dismiss mistakes which can- 
not be rectified ? 
Answer: Yes (H: Yes 0; Non-H: No 1.3) 
Question 9. When reading an interesting book near a window, . 
is your attention apt to be drawn to occurrences ; 
outside ? ; 
Answer: No (H: No1.3; Non-H: Noo.3) 
Question 10. If you are interrupted for an instant while at work, 
can you quickly resume your train of thought? 
Answer: Yes (H: Yes 3.4; Non-H: Yes 2.7) 
Question 11. Do you usually look for the best ultimate decision 
rather than for the simplest one which will answer 
the purpose? 
Answer: No (H: Yes 1.9; Non-H: Yes 2.7) 


The questions in this questionnaire were interspersed amidst other 


questions of an entirely different kind so that the nature of the psycho- 
logical problem under investigation was less obvious to the subjects. 
We publish this questionnaire to show what questions were cor- 
related with the H-group, and therefore to serve as a hint for elab- 
orating a much more adequate questionnaire or at least a set of questions | 





the answers to which might be obtained in private interviews. 
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(c) Dissociability of function in test performances 
Two attempts were made to investigate dissociability systematically 
in respect to its possible bearing upon functional effectiveness when 
subjects were required to perform two tasks simultaneously. Neither 
of these investigations yielded positive results. The first of them we 
shall dismiss with a paragraph, but the second, we believe, is interesting 
enough to report in some detail. 


(4) Dissociated audition test 


Certain preliminary tests done by one of us (D. W. MacK.) led us 
to believe that in some persons the perception of barely audible sounds 
was more acute when the subjects were relaxed and absorbed in reverie 
than when they were listening with concentrated attention. Since the 
response to the hearing of a sound was given by pressing a finger key 
it was possible that the ear-finger system became partially dissociated 
from consciousness and in consequence functioned more effectively. 
The capacity so to dissociate during reverie would be the determining 
factor according to our hypothesis if an increased acuity of audition 
occurred. When the matter was systematically investigated, however, 
by determining the auditory limen for each subject under the condi- 
tions of concentrated attention and relaxed reverie, no correspondence 
was found between the variations in audition and hypnotizability. The 
chief difficulty was to engender a satisfactory state of phantasy. Despite 
the aid of an illuminated screen in a dark room, phantasies could not be 
produced to order. The results for each subject were so variable, more- 
over, that whatever relationship with dissociability might have existed, 
it was completely obscured by other factors. 


(ii) Dual task test 


One of us (D. W. MacK.) devised a series of experiments to 
measure the efficiency of an individual in performing (1) two simple 
tasks separately, each in one unit of time, and (2) the same two simple 
tasks simultaneously in one unit of time, the difference in total efficiency 
in the two tests to serve as a measure of the subject’s relative ability 
to cope with two tasks at once. 

The theoretical considerations that led to this experiment were as 
follows: The simultaneous performance of two tasks which require 
cognition calls presumably for either (a) a rapid alternation of atten- 
tion (consciousness) from one task to another, or (b) a partial disso- 
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ciation of consciousness, so that the two tasks may proceed synchro- 
nously with little mutual interference. It was the opinion of many 
of the investigators of hypnotic phenomena, notably Morton Prince 
and Janet, that under the conditions of a dissociated consciousness (cf. 
the extraconscious solution of mathematical problems as a post-hypnotic 
process) the latter of these two possibilities occurred. They believed 
that two cognitive processes could proceed synchronously without inter - 
ference, one of them being unconscious to the other. The quantitatively 
controlled experiments of Messerschmidt,*’ however, showed that at 
least in tasks that demanded application, such as reading and arithmetic, 
an alternation of attention seemed to occur even when one task was being 
performed as a post-hypnotic act by a dissociated integrate of which the 
waking conscious was unaware. The total efficiency of the two pro- 
cesses when the attempt was made to carry them on more or less 
simultaneously was less than it was when half the time was devoted 
to each process in turn. 


It might seem that the loss of efficiency could be explained by a 
distribution of cognitive energy, if we may use such a term, between 
the conscious and the unconscious mental events, so that each one of 
them proceeded, let us say, at half speed but without conflict or inter- 
ference one with another. This was probably not the case, however, 
as there were obvious signs of conflict, for instance the acceleration of 
one process—reading by the conscious integrate—caused a retardation or 
cessation of the other process—writing (automatic) by the unconscious 
integrate—and vice versa. 

In the case of other tasks, however, involving different psychological 
systems, and particularly when one of them is of a simpler nature not 
demanding cognition, everyday experience informs us that they may be 
performed synchronously with readiness and precision (cf. talking or 
directed thinking when one is walking, eating, driving a car, and so 
forth). We may recall, for instance, Nietzsche’s advocacy of uphill 
walking because of its favorable effect upon creative thought. 

At this point we should like to speak of tasks that demand the con- 
centrated attention of the subject for their performance and tasks that 
do not. We propose to call such tasks cognifactive and non-cognifactive 
respectively. 

A cognifactive task, then, is one, the meeting or solution of which 
calls for concentrated attention (conjunctive cognitive process). As a 
rule it presents a situation which is novel, exigent, and interest-provok- 
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ing; which requires speed and accuracy of directed, relevant, and 
adaptive cognition; which claims a fully-integrated consciousness and 
perhaps a logical or creative mental event for its elucidation. It may 
be an occurrence which calls for a tangible relation with the objects of 
the external world or it may be an intellectual problem which the mind 
is bent upon solving. 

A task that is not cognifactive is one that does not require con- 
centrated attention, that can be performed automatically, leaving con- 
sciousness free and relaxed (disjunctive) or preoccupied (conjunctive) 
with other things. 

Of course no task is inherently cognifactive by itself. For a child 
learning to talk or an adult learning a foreign language or a poet 
searching for the mot juste, mere language becomes a cognifactive task. 
But for the man who cares naught for qualitative precision in words, 
speaking the vernacular is a non-cognifactive task. Cognifaction, then, 
is as much a function of the individual as it is of the task. Learning 
and experience tend to move any particular task or class of tasks from 
the cognifactive to the non-cognifactive category. Cognifaction obvi- 
ously refers to the extent to which the so-called higher mental functions 
are involved. It might, for instance, be used to apply to constructively 
intelligent behavior as opposed to instinctive behavior. 

Since cognifaction implies mental absorption, and hence an inter- 
ference or inhibition of other irrelevant images and relations, one might 
measure the degree of cognifaction required for the performance of 
any task by determining the amount of mutual interference that 
occurred when a standard task that demanded complete cognifaction 
was simultaneously presented. The interference might be measured by 
summing the percentage loss of efficiency in the performance of each 
task when both were done simultaneously. A cognifaction quotient 
(c.q.) of 100 per cent would signify complete interference. If the c.q. 
was over 100 per cent it would indicate that the subject was less 
efficient when he did the two tasks synchronously than when, by spend- 
ing a certain proportion of the time on each task, he did them 
separately. 

Now if hypnosis, as it is generally conceded, is a particular form of 
dissociation, the hypnotic index may be taken as one measure of disso- 
ciability, and consequently our H-group might be tentatively con- 
sidered as the relatively dissociable group. The problem is: how does 
the capacity or tendency to dissociate affect efficiency in the perform- 
ance of two synchronous tasks? Messerschmidt compared hypnotizable 
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subjects working at single and then at double tasks in a state of post- 
hypnotic dissociation. In these experiments we wished to compare 
the hypnotizable and the non-hypnotizable groups under double task 
conditions, that is, conditions which we supposed would tend to produce 
some degree of functional conflict or dissociation. 

With the solution of this problem in view four pairs of simple 
tests were selected. It was not necessary for our purposes to determine 
the cognifaction quotient of each separate test, since each pair of tests 
could be taken as a unit. For instance, if tasks x and y formed a pair, 
the efficiency of each subject in the performance of x and in the per- 
formance of y was separately measured. The tasks were then given 
simultaneously and the impairment of efficiency in each task was 
measured. The sum of the percentage loss of efficiency in the execu- 
tion of each task was taken as the measure of mutual interference and 
hence the measure of cognifaction by the two tasks taken as a unit 
(c.q. or cognifaction quotient). 


TABLE 3 


The Performance Scores of Simple Tasks When Done Separately and When Done 
in Pairs in Hypnotizable and Non-hypnotizable Subjects 











AVERAGE COGNIFAC- 

g AVERAGE RANK ORDER NON 5 TION QUOTIENT IN NON 
> IN THE 8 SINGLE ais ny THE 4 DUAL- “th 
2 TASK TESTS 2 TASK TESTS 

Fr. 5.7 : Fr. 39.8 . 

Ha. 6.0 Hu. 45.6 - 

Pi. 6 4 ? Ro. 49.0 

Le. 7.7 ° Ka. 54.6 

Ka. 7.9 Lu. 54.8 , 

Ro. 8.1 . Pi. 55.0 ‘ 

Hu. 8.4 ; Ha. 57.6 

An 8.6 Fi 60.4 P 

Ca. 8.8 ’ Fl. 618 

He 8.9 : He. a " 

Wh 9.0 ° Ca. 62.8 

Lu 10.1 * | Le. 63.6 : 

Fl 11.6 An. 65.8 

Ros 11.7 ° | Ros. 69.8 . 

St. 12.2 Wh. 71.6 : 

Fi. 12.9 : Ly. 73:2 : 

Ne 13.4 ° | Ne. 84.8 5 

Ly 13 6 - St. 85 0 : 
































GOW > 


it 


l 








STUDIES IN PERSONALITY 31 


TABLE 4 
Performance in the Dual-task Test 
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A Tapping and opposites 16.8 12.4 66 80 .260 
B Needles and reversed clocks 57.2 33.4 56 60 187 
C Pegs in board and checking nos. 58.2 17.4 44 60 .213 
D Sorting cards and anagrams 115.8 18.6 22 40 =—.052 


Each dual-task was performed twice, and consequently each figure 
in the table is the average of two tests. 

Column 1 gives the figures obtained by summing the percentage 
loss of efficiency incurred in each test when both tests were performed 
simultaneously. 

Column 5 gives the average of the two correlation coefficients 
obtained when the hypnotic indices were correlated with the scores in 
each of the two performances separately. 


Technique * 
The eight tests may be briefly described. 


(i) Tapping test. The Whipple tapping board with the taps recorded by 
means of a signal magnet actuating a stylus upon the smoked paper of a 
kymograph. 

(ii) Opposites. A list of words presented in columns, to each of which the 
subject was directed to respond verbally by giving the exact opposite. 

(iii) Pegs in board. Steel pegs to be inserted into holes arranged in orderly 
columns ; the board being covered by a small table so that the subjects would 
have no visual cues in the performance of the task. 

(iv) Checking numbers. A sheet of paper with two columns of figures and 
to the right of these, two other columns; one headed Same, and the other 
headed Different. If both figures on the same line were identical, the sub- 


* The kind of tests suitable for our purposes and the general plan of adminis- 
tering the tests were suggested by the work of E. Neil McQueen: The Distribu- 
tion of Attention. British Journal of Psych. Monograph supplement. Vol. II, 
1917-19. 
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ject made a check in the column headed Same; otherwise in the column 
headed Different. 

(v) Card-sorting. A box with two compartments; and two well-shuffled 
packs of cards with backs of the same color but of slightly different design. 
(vi) Anagrams. A word presented at the aperture of an exposure screen 
with the letters of which the subject was to make up as many words as 
possible. 

(vii) Threading needles. 

(viii) Reversed clocks. Three figures representing a particular time of 
day (for example 6:22) were presented in the center of the exposure screen, 
the subject being required in each instance to announce what time it would 
be to the nearest minute if the small and the big hands of the clock were 
to change places. With each announcement a new figure was presented. 


In the dual task tests the following tests were combined: A. Tapping 
and opposites; B. Card-sorting and anagrams; C. Pegs in board and check- 
ing numbers; and D. Needles and reversed clocks. 


All the tests were done with the experimenter screened. In each group 
the tests were given both separately and together in all possible orders; and 
the entire test repeated for each subject after a week’s interval. 


These tests were done with a group of eighteen volunteer students 
(seventeen men and one woman). Out of this group nine had an 
H. I. of 3 or over (H-group) and five had an H. I. of 1 or under 
(non-H-group). The others were intermediate. By studying the two 
extreme groups (H and non-H) in relation to the tests certain slight 
differences become apparent. For instance, if we divide the ranked 
group in each dual-task test into an upper hyper-efficient class and a 
lower hypo-efficient class (nine subjects in each class) we may deter- 
mine the proportion of H subjects and non-H subjects in each class. 

When all the tests are taken together (Table 3) it appears that 
the H subjects tend to range themselves in the hyper-efficient class and 
the non-H subjects in the hypo-efficient class both in respect to their 
scores in the eight single task tests and in respect to their scores in the 
dual task tests. In the single task tests 66 per cent of the H-group 
are in the upper (hyper-efficient) class. In the dual task tests 56 per 
cent of the H-group are in the upper class and 80 per cent of the non- 
H-group in the lower class. The average cognifaction quotient for the 
H-group is 58.1 per cent; and for the non-H-group is 70.8 per cent. 
This signifies that there was 12.7 per cent more interference in the 
non-hypnotizable subjects than in the hypnotizable subjects when the 
results of all the tests were averaged together. 

The correlation of the rank order of hypnotizability with the rank 
order for the single task tests is .19 (f); and with the rank order for 
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the dual task tests is .23 (f). These figures are not indicative of a 
close relationship but perhaps we should not commit ourselves too 
selectively to statistical results alone. In this instance, the correlation 
coefficients mask the differences which are apparent when using other 
means of comparison. This is so because two individuals, one H 
subject (St.) and one non-H subject (Lu.), showed rather extreme 
variations from the average scores of the other subjects in their 
respective groups. That is, the H subject received some very low scores, 
and the non-H subject some very high scores. These two cases sub- 
stantially altered the mathematical computations, but might be regarded 
as the glaring exceptions, so common in psychological tests, when the 
H-group and non-H-group were taken as wholes. A difference in the 
cooperative application of two subjects would materially alter their 
respective standings in a test which at best showed marked individual 
variability.* 

It is apparent, however, that there is no essential difference between 
the single tasks and the double tasks in their relation to hypnotizability ; 
and consequently although we have hit upon a group of tests which the 
H-group can execute somewhat more efficiently than the non-H-group, 
the synchronous performance of two tasks is of no special differenti- 
ating value. Our initial hypothesis is not vindicated. 

When the results are examined from the point of view of cogni- 
faction (Table 4), a gradation of mutual interference in the tests, which 
falls conveniently into three groups, is revealed. Dual-task A. with a 
cognifaction quotient of 17.6 per cent (little interference) ; dual-tasks 
B. and C. with cognifaction quotients of 57.2 per cent and 58.2 per cent 
respectively (medium interference) ; and dual-task D. with a quotient 
of 105.8 per cent (great interference). 

It may be seen that the number of H subjects in the upper half and 
the non-H subjects in the lower half of the rank order decreases with 
the degree of cognifaction. In other words, with an increase in cogni- 
faction and hence mutual interference in the dual-task tests, the H 
subjects tend to show a decrease in relative efficiency as compared with 


* At this point we might cite as an indication of the dubious value of the 
questionnaire method the instance of one question, the accuracy of the answer to 
which was tested. The question read: “Can you carry on two fairly complex 
activities at once?” The subject with the highest average score for the four dual- 
task tests answered this question: No. 5, whereas the subject who proved himself 
to be the most inefficient of the group in performing two simultaneous tasks 
answered this question: Yes 3. 
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the non-H subjects. In fact in the combination task of sorting cards 
and anagrams the non-H-group are more efficient than the H-group. 
This result would suggest that as the difficulty of the tasks increased to 
the point of demanding two simultaneous cognitive processes of a higher 
order the non-H-group might be found distinctly more efficient. 

In the summary we might say that these experiments fail to demon- 
strate a significant difference between the H and the non-H-group as 
regards the ability to perform two simultaneous tasks. The experiments 
show that to a slight but appreciable extent the efficiency of the H-group 
is greater than that of the non-H-group in both the single and dual 
task tests. This may mean either that the H-group have greater general 
intelligence, or that we have quite by chance selected tests which differ- 
entiate the particular type of mentality possessed by the H-group from 
its opposite. This consideration leads us to examine the question of 
intelligence as related to hypnotizability. 


(si) Intelligence 


It has generally been considered that dissociability went with a less 
integrated and hence a less developed and effective mental organization 
than the normal. According to Janet, for instance, the hysterics are 
mentally indolent or flighty, whereas the psychasthenics are potential 
philosophers. This judgment was substantiated by the work of Holl- 
ingsworth * during the war. He discovered that hysteria, which devel- 
oped mostly among the privates, was correlated with low scores in the 
army intelligence tests, and that psychasthenia, which was more common 
among the officers, was correlated with high scores. So much for 
hysteria. Our problem being hypnotizability, the question for us to 
decide was: how does the intelligence of the H-group compare with 
that of the non-H-group? From our personal acquaintance with the 
subjects and from their standing in the college examinations the two 
groups seemed very evenly matched. There was nothing to choose 
between them. 

As added data, the Army Alpha test was given to most of our sub- 
jects in 1928 and in 1929. It was found that the coefficient of correla- 
tion between the scores on this test and the hypnotic index, for the 
selected group that took the dual task test, was .03 (f); and that the 
coefficient of correlation between the Army Alpha test and the hypnotic 
index for all subjects in both years (59 cases) was .o1 (f). Apparently 
there is no relationship between hypnotizability and the sort of intelli- 
gence that is measured by the Army Alpha test. On the other hand, 
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the correlation between the scores in the dual task test and the Army 
Alpha was .42 (f). This form of intelligence evidently plays a role in 
the dual task performance. It may indeed be held partly accountable 
for the low correlation between the H. I. and the scores in the latter 
test (.23), since the one H subject who ranked very low in the dual 
task test (Table 3) was seventeenth among the 18 subjects in the Army 
Alpha, whereas the non-H subject who ranked so high in the dual task 
test was seventh in the Army Alpha ranking. 


CONCLUSION AND SUMMARY 


As a result of the experiments described in this paper we conclude 
that : 

(1) Hypnotizability is a trait which may be measured with some degree 
of reliability. 

(2) A standard technique for the measurement of the H. I. (hypnotic 
index) has been arrived at by which results are expressed quan- 
titatively on a zero to five scale. 

(3) Twenty-five per cent of a sample college group were found to be 
hypnotizable to the extent of complete suggestibility with some 
amnesia. 

(4) A coefficient of correlation of approximately .75 may be expected 
between two trials of the same test when performed within a week 
or so of each other by different operators. A coefficient of the 
same order is obtained when two tests, performed by the same 
operator but separated by an interval of several months, are cor- 
related with each other. 

(5) The results of the hypnotic test as standardized in this study cor- 
relate with the score of hypnotic tests done under other conditions 
(a. group test and b. Hull’s swaying test) with a coefficient of .52. 

(6) Suggestibility under hypnotic conditions does not correlate with sug- 
gestibility under other conditions, that is, when subjects assume their 
customary attitudes (cf. results in the Hull swaying test and the 
group suggestibility test). 

The problem of explaining hypnosis in terms of needs or instincts 
has been discussed in the text. All our observations and tests bearing 
upon this point proved to be negative or inconclusive. There did not 
seem to be any relation between hypnotizability and submission or 
between hypnotizability and extraversion. 

The problem of explaining hypnosis in terms of aptitude or psychical 
configuration has also been discussed in the text with special reference 
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to the concept of dissociation. Several investigations were made tu 
determine the relationship between hypnotizability and other possible 
manifestations of dissociability, but our results along these lines were 
likewise negative or indeterminate. 
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THE RELATIONSHIP OF INDIVIDUAL 
GROWTH TO AVERAGE GROWTH * 


BY MARGARET MERRELL 





INTRODUCTION 


Growth changes in the size of biological organisms in whole and in 
part are being described in increasing number and variety. The study 
of such changes is hampered by two obstacles—the great length of time 
required for the complete development of many forms, and the more 
serious handicap of the impossibility of obtaining measurements on 
many body parts while the organism is alive. In the latter case the 
opportunity for direct observation comes only after the mass has ceased 
to grow. For many forms it is thus difficult or impossible to follow 
the same individual through its growth process. 

Because of these difficulties in obtaining successive growth measure- 
ments on the same individual, the method of observing the progress of 
growth, in the majority of cases, is to measure groups of individuals at 
different ages and form an average measurement at each age. The 
description of the growth is then given in terms of the progress of 
these averages from one age to the next. These growth changes are 
characterized by a changing rate of growth which produces fluctuations 
or cycles due to alternating periods of slow and rapid growth. These 
cycles may be one or more in number and may be skew or symmetrical 
in form. 

In many cases it is advantageous to describe the growth changes by 
means of equations, since they frequently furnish a concise description 
of the material, an easy method of smoothing the observations and 
interpolating between them, and a convenient means of comparing dif- 
ferent series of measurements. This method of description has led to 


* Papers from the Department of Biostatistics, School of Hygiene and Public 
Health, The Johns Hopkins University, No. 124. The writer is indebted to Doctor 
Lowell J. Reed for his suggestions and criticism in this study, and to Doctor Carroll 
G. Bull for permitting the use of the observations on rabbits measured in his 
laboratory. 
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a large number of growth equations and a great diversity of views with 
regard to them. 

Empirical equations are used by some workers in the field who state 
specifically that they consider such equations merely convenient gradu- 
ation formulae without any theoretical significance. In this sense, 
straight lines and second order parabolas are used by Scammon and 
Calkins* to describe the growth of linear dimensions of the human 
fetus, a simple power function is used by Murray * to express the aver- 
age weight of chicken embryos over a short time period, a generalized 
logistic is used by Pearl and Reed* to smooth various kinds of skew 
growth material, and many other algebraic and exponential forms are 
in common use by various writers in the field. A similar approach is 
frequently made to the description of population growth, when a straight 
line or exponential curve is used to describe the growth in the number 
of organisms. Such curves are often of value, as stated above, for the 
range over which they represent the observations, although the writers 
in using these equations make no attempt to rationalize the constants or 
present the curves as “laws of growth.” 

There are other writers who argue from an empirical equation a 
law or explanation of the growth process. The objections to this point 
of view with regard to empirical equations have been discussed in a 
recent paper by Gray.* An instance of this attitude toward the problem 
is seen in the work of Robertson,* who argues from the fact that growth 
material has the general form of the logistic or autocatalytic curve, that 
the growth process is controlled by a reaction of chemical autocatalysis. 
In discussing the form of the curve he states that “the fact that each 
growth-cycle begins slowly and progressively increases in velocity until 
the moment of maximal growth-velocity is attained at the center of the 
cycle, is sufficient in itself to show that the process is autocatalyzed” (p. 
6). This argument is dangerous since it implies that any logistic curve 
must have resulted from an autocatalytic reaction. Furthermore, this 
reasoning can be used with equal force to set up other theories of growth 
if other empirical equations can be found which describe the data equally 
well. 

Another attempt to rationalize an empirical equation is made by 
Brody,® who divides the growth observations into several sections to 
which he fits a series of exponential curves. From this he argues that 
growth takes place in a series of distinct stages, each having a constant 
percentage rate. As Gray points out (p. 269) “any curve can be ex- 
pressed as a series of straight lines or exponential curves if suitable 
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limits are selected. Unless, therefore, there is good independent evi- 
dence that the whole growth cycle is divisible into a finite number of 
successive and different processes, the process of subdivision of the 
growth curve is purely arbitrary.” This type of analysis gives no ex- 
planation, therefore, of the fundamental factors underlying the growth 
process, but merely gives empirically determined rates of growth at 
arbitrarily selected positions. 

Attempts to develop rational expressions for the rate of growth are 
made by some investigators (Gray and others) by the direct study of 
growth factors. In this approach assumptions concerning the under- 
lying factors lead to, rather than follow from, a descriptive equation. 
This method has been used by Pearl and Reed ' in developing the logistic 
curve to describe the growth of populations, which seems to give a very 
accurate representation of population data. The order of this procedure 
is more enlightening as to the basic factors in growth than attempts to 
rationalize fitted equations, although the validity of any result depends 
on the accuracy of the assumptions and must be tested experimenaally. 
Empirical growth formulae, therefore, may not be considered as ex- 
plaining the nature of the growth process, but may be useful as gradu- 
ation equations and as descriptions of rates and accelerations of growth. 

In terms of such empirical equations the change in size of organisms 
or their parts may be described. But since, as we have pointed out, 
observations on individual growth are usually lacking, the curves 
describe, not the growth of individuals, but the growth of averages. 
It is, therefore, of interest to know whether individual curves possess 
the same characteristics that are exhibited by the average curve. For 
instance, Scammon and Calkins (p. 51) find that a second order parab- 
ola adequately represents the average total body length of fetuses 
from the third to the tenth lunar month. Since this is the type of growth 
observation which it is impossible to follow for the same individual, 
it is important to know whether it is safe to assume that this descrip- 
tion of averages is representative also of the growth of individual 
fetuses in this period. 

In most practical cases it is not only assumed that the individual 
and average growth are of the same type, but that the average may be 
used as a standard to which normal individuals may be expected to 
conform. Thus Holt * in a paper on standards for growth and nutrition 
presents the average growth in weight and height for American boys 
aged 6 to 17 years, and points out the fluctuation in rate of growth which 
produces a flattening out of the curve between 10 and 12 years of age, 
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followed by a rapid increase in growth. He considers this flattening out 
and steep rise of the average curve characteristic also of the growth 
curves of the individual boys entering into the average. 

This question is touched upon by Robertson (p. 3) in discussing the 
cycles observed in growth material. 


These oscillations in the curve of growth are not accidental. They are readily 
distinguishable from the minor fluctuations which occur at frequent and irregular 
intervals in the growth of every individual. These irregular fluctuations . ‘ 
are as frequently positive as they are negative, . . . . and hence, in the average 
curve supplied by a sufficient number of individuals, they cancel out and disappear. 
The large fluctuations, or “Cycles of Growth” as they have been termed, appear 
always at the same place in the total growth curve of any animals of the same 
sex and species, and hence, so far from being smoothed out in the average curve 
from a large number of animals, they are actually emphasized. 


That an average curve does not necessarily agree in type with its 
component curves is shown clearly in the illustration given in Figure 1. 
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Fic. 1. Two Locistic Curves AND THEIR AVERAGE 
In this case, two symmetrical logistics (solid lines), average to give a mean curve 
(broken line) which has two skew cycles. 


Since it is clear, therefore, that individual curves and their average 
do not of necessity exhibit the same characteristics, it is of interest to 
ask to what extent they may be expected to differ. It is the object of 
this paper to derive the mean curve and determine its characteristics 
from a knowledge of the properties of the individual curves by deter- 
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mining analytically the form of mean curve arising from a group of 
individuals, all of which can be represented by the same type of growth 
function. The mean curve will then be compared both by analysis and 
application with the individual curves in order to determine the extent 
to which they differ in their basic characteristics. 


ANALYSIS 


Suppose the growth process to be represented by any function, 
at 6) tee 
where y represents the growing mass, x represents time, and a, }, c, 
. are the arbitrary constants of the curve. Then the growth of 


individuals 1, 2, . . . ., m will be represented by the equations 
yi =f (a, b,, Ci, eee opt) 
Yo =f (Ge, bg, Cg, ~~. - -, #) 
Yu =F (Gas Bun Cay « o » +5 £) (1) 
If ¥ represents the average size of the individuals at time +, then 
y= —lf (ob ei... . 2) of Ae. 
+ .... $f (Gn dn, Cn --- +» ¥)) (2) 


Expressing the constants for each curve as deviations from the means 
of the constants for all the curves, and writing 


a=a+a, b=b+8, c=7+y¥, ete., 


where a, b, c, . . . . are the mean values of the constants, and a, 8, y 
. are deviations of the constants from these means we have 


f(a,b,c,.....2) =f (G+0,b4+8,f+y,....,4%) 
Expanding this function by Taylor’s series, 
f(e+e54+8,c+y,...., £4) =f (a,5,¢,....,#) 
+ afl + BF trol te. . FR CCHLEBTL + YF? 
Fens baeBhest sent Bib ot oo 
3 


where fr= o"f f e ale , etc., with the mean values of the 


=_——_) 


Oa" a™)}-* ~ Oa"ob—* 
constants substituted. (4) 
Any individual curve is thus expressed as a series, the first term of 
which is the same function of x as that representing the individuals, the 
arbitrary constants being the means of the constants of the separate 
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curves. The remaining terms of this series express the divergence of 
the individual curve from the curve y= f (a, b,c, . . . ., *), which 
throughout this paper will be called the mean-constant curve. 


The average of n such curves is, therefore, 

J=1G,6,6....0) + f+ ens... 
+30 ng ae +. + af met 
+ 2f 7%, Sor og .-) +4, rn 4 pat 
+fyse +. “Sti ge 4 9 


+ 3fgaet + vg Y + ft 38Y" 4+ opm iaby 


eee 


This series, by definition of mean, standard deviation, and correlation 
coefficient, becomes 


y=f(a,b,c,....,4)+ 3, (o0*f! + of; + oof! 


+... . + 2Percemrf, + 2reclatef a0 + 2rreareef be 


++ PE 


. wait + afore’ + afar + afer 


= = ; 

+ Sima + Shree + Ofna He... CS) 

The arithmetic mean of a set of individual curves is thus expressed as 
a series whose first term is the mean-constant curve. The remaining 
terms of the series are composed of higher moments of the constants 
and successive derivatives of the function with respect to the constants. 


m rey 


Applications of Equation for Mean of any Set of Curves 


As applications of the expression for the mean of any set of curves, 
given in equation (5), we shall consider two functions, the generalized 
parabola and the logistic, both of which are frequently used as empirical 
formulae for describing growth changes. We wish to determine the 
form of curve which would result from averaging a series of individuals 
represented by each of these functions. 
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Mean of Parabolas 

Suppose the growth of a series of individuals to be represented by 
parabolas of the form 

yoa+br+cx*?+dze?+.... (6) 
The individuals 1, 2, . . . ., » will then be represented by 

¥, =O, + O44 ¢,2°+0,°+.... 

Yo = @, + Ox + €,4°+ dae? +.... 

Yu = On + byt + Cat? + dye? +... 
The partial derivatives necessary for expressing the mean, are: 

fa=t 

fi=e 

f= # 

fa=x* 


and the higher derivatives, as defined in (4) are all o. Thus the aver- 
age of the curves is given by 
y>atbr+cer*?+dei+.... (7) 

If a parabola is used as a description of growth, the average of a 
group of growth curves is thus seen to be a parabola whose constants 
are the means of the constants of the individual curves (i.e., a mean- 
constant parabola). The average curve will therefore have the same 
number of maxima, minima, and points of inflection as the individual 
curves. 

A series of individual curves represented by third order parabolas 


of the form given in (6) would each have an inflection at x =—+£ 


and the mean of these curves would have an inflection at «= — 


In general, any characteristic of an individual curve represented by 
some function of its constants will for the mean curve be represented 
by the same function of the mean constants. 


Mean of Logistics 
Since the mean curve for a group of logistics will be analyzed in 


some detail, a brief description of the properties of the logistic will 
be given. 
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The equation of the logistic may be written 
K 
I= Thee zs 
where y represents the size of the growing mass, and x the time. The 
rate of increase in y, that is, the amount of change in the mass in a unit 
time, is given by the equation 





- ae (9) 

oo (1 + eet)? 9 
which by substitution from (8) becomes 

d b 

=~ ye (K—») (10) 


When the logistic is used as an equation representing positive growth, 
its rate of change must be positive. From (10) it is evident that b must 
be negative in this case. An analysis of equations (8) and (10) shows 
the meaning of the constants to be as follows: 

(a) X is the upper limit which is approached by the growing mass 
as x becomes indefinitely large. The curve is enclosed between a lower 
asymptote y = 0 and an upper asymptote y = K. 





o> ie ‘ I . ‘ 
(b) 6 is dimensionally coe and 5 is the natural unit of time. 
This unit, —, determines the spread of the curve and has been called 


, b > 
the “standard interval” ® by analogy to the standard deviation. 
If K increases indefinitely, equation (10) becomes 
d 
ay 
which is the equation of geometric increase, where —b represents the 


proportional change in y at any instant. It is, therefore, a rate constant, 
and may be considered the inherent rate of the logistic, which the logistic 
is prevented from maintaining by its upper limit, K. The curve leaves 
its lower asymptote and approaches its upper asymptote with the expo- 
nential rate —b. 

(c) ais the constant of integration and is dependent upon the posi- 


tion of the origin. The point of inflection is —— units from the origin. 


If the origin of time is moved to the point of inflection and time is 
I 


b 


expressed in units of 


7= > (11) 


, equation (8) takes the form 








The 
unit 
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This transformation is analogous to the usual procedure in expressing 
the horizontal scale of the normal curve as deviations from the mean 
measured in units of standard deviation. Figure 2 presents a graph 
of equation (11) and shows the important characteristics of the curve. 
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Fic. 2. Tue Locistic Curve 





If the growth of a series of individuals can be described by logistic 


curves, the growth of individuals 1, 2, . . . ., m being represented by 
ee, ewe 
1 —_ I + e @,+6,% 
K, 


ee 


m= Tae (12) 


then by equation (5) the average growth of these individuals may be 
represented by 


i K 
7= Teste thilease + obft + of K+ 2raroerf ab 


+ 2rexceonf ax + 2rexovoxfsx]+.--- (13) 
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The derivatives for the logistic are 
fz=0, when n> 1 
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+ 12n 7 fa +128 falt. 
which may be written 


er " o* zz 1» Xx '(a+Br) 
1+ +43 [fi Sette + Ela ] 


+ 417, se at od +of" td 


y 


yX(atBr)* , 4 2m 3x(a+Bx)! 
+ l¢e Mother , Syz Mele he)" 
eo s.as% (14) 


This function will take various forms depending on the distribution of 
the individual curves. It is necessary therefore to make some assump- 
tion as to the distribution of the constants of the curves. We shall 
assume that K, a, and b are normally distributed. These assumptions 
will assure that the group of logistic curves are reasonably homogeneous 
as to their asymptotic values, their rates of increase, and their positions 
on the time scale. Under these assumptions we have 
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Substituting the values of the derivatives in this equation 
= ' K o2s be oie eats 
= ~ 1 — estes 
a + et 2a) werk 4 
Ca+be — K ests 2 2(e+bz) __ p3(e+bs) 
* 2°(2!) ar + ertinye a isp 
o+be — Kest= 
t 35 2° (3!) a + estbs)? 
4(etbs) _ ¢5(etbs) a wR Ro00) ¢_— Kertte 
+ 57¢ I+ + _ ly at | 
Ca+ deFKTK (a+ de) — Kertts — 2(e+bs) 
* 2(1I).K G $ ertiny ee 
Oo+ deOKTK (a+ de) — Kest= 1 — 26eet'= 66e2(et+b=) 
Frank (ate ‘i 
—2ber(etbs) 4 et(ets))] +4 (16) 
Now, let a+ bx =-2 


Since 5 is negative, z is given the negative sign in order that the function 
may have the same value when x and z have the same sign. 


TK(e+de)%o+de + +--+. (15) 
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In this equation the origin is moved to the position — > , O and time 










; ; ; I 
is expressed in units of —. 





In this transformation, the y axis passes 


through the point of inflection of the mean-constant logistic, and time 
is expressed in terms of the “standard interval.” 


Substituting —z for a + bx in equation (16) 
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and, if we use v and vg as 2 and respectively, we have 
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esis nig —e~*(1 — 57€~* + 302e—** —302¢—** + 57¢—** — e—*s 
ure) (r+ e)" 
re —e~*(I — 120¢—* + I191e—** — 2416¢e—* + 1191e—** — 120e—* + e—* 
(re) 


(reo! Uxoo' + 2rxp' UU») |] +... + (19) 








The average of a set of logistics is thus a mean-constant logistic plus 
a series of correction terms. These correction terms form a power 
series in 72:4 ytg, the coefficients containing successive derivatives of the 
logistic with respect to the constant a. The values of the first seven 
derivatives which are necessary for obtaining the first four correction 
terms, are given in Table 1 for an average K of 1. 


TABLE 1 
Successive Derivatives of the Logistic from the 
First to the Seventh (K = 1) 

f f” ) anid 
—5.0 —.006648 +.006559 —.006383 
—4.5 —.010866 +.010628 —.010158 
—4.0 —.017663 +.017027 —.015791 +.013418 
—3.5 —.028453 +.026785 —.023596 +.017640 
—3.0 —.045177 +.040892 —.032931 +.018723 
—25 —.070104 +.059469 —.040617 +.009441 
—2.0 —.104904 +.079962 —.038851 —.020784 
—1.5 —149147 +.094731 —.015679 —.074815 
—10 —.196613 +.090858 +.035326 —.123508 
—0.5 —.235004 +.057557 +.096357 —-.104757 
0.0 —.250000 0.000000 +.125000 0.000000 
+0.5 —.235004 —.057557 +.006357 —.104757 
+10 —196613 —. +.035326 +.123508 
+15 —.149147 —. —.015679 +.074815 
+2.0 . . —.038851 -+.020784 
+2.5 ‘ . —.040617  —.009441 
+3.0 . ‘ —.032031 —.018723 
+3.5 . ’ —.023596 —.017640 
+4.0 ’ . —.015791 —.013418 7 —.000895 
+4.5 . . —.010158 —.009242 . —.004150 
+5.0 . . —.006383 —.006036 . —.004047 


To illustrate the evaluation of these terms we shall assume measures 
of correlation and variation to have the following values: 


3 
2 (20) 
2 
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Table 2 gives the value of the mean of a series of logistics defined by 
these assumptions, and shows how the mean is built up from the mean- 
constant logistic and a series of correction terms. Figure 3 shows the 
wave-like form and the comparative size of these correction terms. It 
is clear that the predominant term is the second, and the following terms 
decrease rapidly in size. The correction terms are not symmetrical, 
more being subtracted from the mean-constant curve to the right of the 
point of inflection than is added to it to the left of this point. The size 
of the correction terms in comparison with the mean-constant curve, 
and the resulting mean curve, is shown in Figure 4. Only the first two 
terms are large enough to be plotted. For this example the mean 
curve does not at any point differ from the mean-constant curve by 
more than 2 per cent of the asymptote. 


TABLE 2 


The Mean of a Family of Logistics Defined by Assumption (20) with 
the Separate Terms of the Series (K =1) 











MEAN OF 
LOGISTICS CORRECTION TERMS 
£ CONSTANT 

Ba co Locistic IstTerm 2ndTerm 3rdTerm 4th Term 
—5.0 +.010756 -+.006693 +.000665 +.002843 +.000513 -+.000043 
—4.5 +.016113 -+.010987 +.000978 +.003636 +.000492 +.000021 
—4.0 +.024305 +.017986 +.001413 +.004481 -+.000424 -+.000000 
—3.5 +.036856 -+.029312 +.001992 ~+.005261 +.000310 —.000019 
—3.0 +.056073 +.047426 +.002711 +.005787 +.000168 —.o00018 
2.5 +.085228 -+.075858 +.003505 +.005842 +.000034 —.000013 
—2.0 +.128645 +.119203 +.004200 +.005209 —.00005I —.000005 
—I.5 +.191105 -+.182426 -+.004474 +.004284 —.000079 +.000000 
—I.0 +.275955 +.268042 +.0039032 +.003155 —.000076 -++-.000002 
—0.5 +.381810 +.377541 -+.002350 +.001981 —.000065 +.000003 
0.0 -+.500000 +.500000 0.000000 —.000000 —.000000 —.000000 
+0.5 +.616636 +.622459 —.002350 —.003679 -+.000224 —.000018 
+1.0 +.719082 +.731058 —.003032 —.008564 +.000562 —.000042 
+1.5 +.800055 +.817574 —.004474 —.012852 +.000715 —.000008 
+2.0 +.862041 +.880797  —.004200 —.015081 +.000415 +.000110 
+2.5 +.905561 +.924141 —.003505 —.015067 —.000229 +.000221 
+3.0 +.935678 +.952574 —.00271I —.013503 —.000914 +.000232 
+3.5 +.956067 -+.970688 —.oo1992 —.011233 —.001414 +.000182 
+4.0 +.970065 +.982014 —.001413 —.008871 —.001662 —.000003 
+4.5 +.979453 +.989013 —.000978 —.006752 —.001697 —.000133 
+5.0 +.985820 -+.993307 —.000665 —.005002 —.001587 —.000233 
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Fic. 4. Tae MEAN or A Famuty or Locistics Derinep By AssUMPTION (20), 
SHOWING THE MEAN-CONSTANT CURVE AND THE First Two CorrecTrion TERMS 


An analysis of equation (19) and the evaluation of this equation 
for the numerical illustration given above show the form of the mean 
of a group of logistic curves. The wave-like corrections to the mean- 


constant curve differ in effect for different groups of logistics since 
their size depends upon the variability of the constants of the individual 
curves. When the curves are quite dissimilar the correction terms may 
produce several major waves in the mean curve, so that it has very 
little resemblance in form to the mean-constant curve. With less vari- 
able curves, the correction terms will affect the mean-constant curve less 
violently, and in the limiting case where the individual curves have 
identical a and } constants, the mean curve is identical with the mean- 
constant curve. 

An approximate expression for the mean of a group of logistics 
was published in 1927 by Reed and Pearl.*° They expressed the sum 
of two logistics as a simple logistic determined by equating the sum 
of the moments of the first derivative curves to the corresponding 
moments of the derivative of the total curve. The equations used to 
determine the constants for the logistic which is the sum of m logistics 
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a (21) 





where K, a, and b are the constants of the total curve and Kg, a, and b, 
are the constants of any individual curve, yz. The closeness of this 
approximation to the mean curve will depend upon the variation of the 
individual curves from which it is formed. In the following section 
an application of this method will be given to show the closeness of 
approximation to the true mean in a practical problem. 

From this analysis it is seen that the mean of a group of curves 
may differ in character from the individuals in the group. The average 
of a group of logistics has more waves than the simple logistic, and 
the degree of similarity of the individual curves determines the im- 
portance of these additional waves. These differences show that an 
average curve cannot be considered merely a reflection of the individual 
curves since it may exhibit characteristics which are primarily due to 
the mathematical process of averaging and may not be present in the 
individuals. 
APPLICATION OF THEORY FOR AVERAGING GROWTH CURVES 

As an illustration of the theory for averaging growth curves, a study 
has been made of the growth in weight of a series of individual rabbits. 

The group studied consisted of forty-six individuals whose weights 
were recorded at approximately weekly intervals from the age of one or 
two months to five or six months. The object of the analysis was to 
obtain the form of the average growth curve from a study of the growth 
of the individuals, in order to see the relationship between the mean 
curve and the individual curve and the extent to which they differed in 
type, owing to the averaging process. From this analysis it is possible 
to determine how adequate a description of individual growth is given 
by averaged observations. 

The growth in weight of the rabbits selected could be described 
very well by simple logistic curves. The approach to the problem was 
to fit a logistic to the weights of each individual and to express the aver- 
age curve in terms of the constants of the separate curves, according to 
equation (19) developed in the preceding section. The form of this 
mean curve could then be compared with the form of the individual 
curves. Since the first term in the equation for the mean is the mean- 
constant logistic, and therefore a centering curve of the same type as 
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the individuals, this curve was a natural one to compare with the mean. 
This comparison showed the extent to which the mean curve varied in 
type from the individuals, due to the correction terms. 

The mean curve was compared with another centering logistic—that 
obtained by the theory of Reed and Pearl for summing logistic curves, 
discussed in the preceding section. This curve is an approximation to 
the mean curve determined by fitting a simple logistic to the sums of 
certain functions of the separate component curves, and therefore 
furnishes a second comparison of the characteristics of the mean curve 
and the individual curves. 

A further centering curve was obtained by the usual procedure of 
fitting a descriptive curve to the averages of the observations. This 
process is the one ordinarily followed in practice, since in most practical 
problems individual curves are lacking and the average observations at 
certain intervals are the only available data. It is of interest, therefore, 
to see how adequate a description such data give of the mean growth of 
the individuals. In this case the descriptive curve used was a simple 
logistic and the values of this curve were compared with the mean 
curve which describes the continuous average of the observations. 

The average of a group of individuals is thus shown in comparison 
with three centering curves of the same form as the individual curves: 
first, the mean-constant logistic; second, the logistic determined by 
Reed’s and Pearl’s summation theory; and third, the logistic fitted to 
the group averages of the observations. 


Method of Fitting Individual Curves 


The weights of the individual rabbits were fitted by logistic curves 
of the form 
ee. Sa 
IT + ets 
where y is weight in grams and «# is age in days from birth. The 
constants to be determined are K, the upper limit, b, the inherent rate 
constant, and a, the constant of integration dependent upon the position 


of the origin. The point of inflection is — rt days from birth, and is 


the age at which half the growth is attained. 

These constants cannot be determined directly by the method of 
least squares using the y deviations from the mean as residuals. If we 
write the equation in the form 








es 
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(22) 







we have a statement that the logarithm of ——» is a linear function 








with age. K —9 will therefore plot as a straight line on arithlog paper. 
y 

In this form, if K be determined by some method of approximation, so 

that the residual og, 3 can be set up, the constants a and b can be 














y 
determined by least squares. For points near either asymptote, small y 
deviations from the curve result in large deviations of the form 


— ,from the straight line. These deviations may influence the 









K 
log 
determination of a and b to such an extent that the major portion of the 
curve will not be well fitted. This method does not work well, therefore, 
if the material runs very close to either asymptote unless the observa- 
tions are very smooth. This method of fit was adopted in this illustra- 
tion, although in a number of cases large deviations near the asymptotes 
made it necessary to drop some points in determining the a and b 
constants. In order to make clear the application of this method of fit, 
the steps involved will be outlined. 











1. The determination of K 


From the graph of the weights plotted against time on arithmetic 
paper, an estimate can be made of K, the upper limit which the weight 


approaches. Using the estimated value of K, ——— is calculated for 


each observation. These values are plotted epieet. # on arithlog paper. 
If K has been correctly estimated, this plot will be a straight line; if the 
assumed K is too low, the plot will curve downward ; if too high, it will 
curve upward. By trial, therefore, K can be determined such that 


K—y 
















will plot as a straight line on arithlog paper. This method works 





y 
well when the observations extend over the major portion of the range, 
which is the case with the present illustration. Figure 5 shows the 
K—y 






plot of against x on arithlog paper for rabbit number A-1. 


y 
Since all the observations were taken to the nearest hundredth of a 
kilogram, no attempt was made to estimate K closer than tenths of a 


kilogram. 
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2. The determination of a and b 


With the value of K determined, log, 


every observation, and the usual normal equations for a straight line fit 
by least squares can be set up. In practice it is more convenient to use 
the logarithms to the base 10. 
Letting 
A=a loge 
B=b log e 
the normal equations are 


nA +3*B = % log 


— So can be computed for 


K—y 


SrA + Xe*B = Be log <—? 
The values of a and b are determined by the solution of these equa- 
tions. Figure 6 shows the curve fitted by this method to the observed 
weights of rabbit A-1. By the process just outlined and illustrated for 
rabbit A-1, constants were obtained for logistics fitted to the 46 individ- 
ual series of measurements. 
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Constants of the Individual Curves 


In terms of the constants of the separate growth curves, the mean 
curve can be set up and its relationship to the individual curves deter- 
mined. The expression for the mean curve [equation (19)] was 


developed on the assumption that K, a, and b are normally distributed. 
Before applying this theory it is therefore necessary to examine the 
distribution of these constants. The origin for these curves is taken at 


TABLE 3 
Distribution of Constants of Individual Rabbit Curves 
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the birth of the animal, time is measured in days, and weight in grams, 
Table 3 shows the distribution of these constants as well as of oe 


the age at the point of inflection, where half the growth is attained. 

In spite of the appearance of skewness in the distribution of K, the 
three constants K, a, and b, when tested statistically, show no significant 
difference from normal distributions. The expression for the mean of 
the logistics may therefore be applied to this material. 

This equation for the mean involves the means, standard deviations, 
and coefficients of variation of these constants. Table 4 gives their 
values, computed directly. 


TABLE 4 
Mean and Dispersion Values for Constants of Individual Rabbit Curves 





STANDARD DEVIATION 
MEAN 





CONSTANT STANDARD DEVIATION 





2321.7 429.3 -1849 
2.5080 .4282 .1707 
—.031561 005634 .1785 


80.161 9.483 1183 


The cluster of curves whose constants have just been summarized, 
together with the mean of these curves, is represented graphically in 
Figure 7. It is not possible in this graph to distinguish to any great 
extent the features of the individual curves, but the type of cluster 
which these means and variability constants describe is indicated. That 
this variability is not extreme is shown by the variation of weight 
described by several observers. In different strains of rabbits studied 
by Castle ** the coefficient of variation of mature weight ranged from 
6 to 14 per cent. For man, variation in weight at different ages has 
been the subject of a number of studies. Pearson ** found the coeffi- 
cient of variation for male new-born infants 16 per cent and for male 
adults 11 per cent. The work of several writers analyzed in a recent 
study of growth changes in correlation by Berkson ** shows coefficients 
of variation ranging from 10 to 19 per cent for different ages. This 
indicates that variation much greater than that met in this illustration 
would not be likely to be encountered in homogeneous material. 
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In dealing with a group of curves of this kind, there are a number 
of features of interest other than central tendencies and dispersion. 
We have curves varying in their upper limits, their rates of growth, 
and their points of inflection. In getting a view of the form of the 
curves, it is important to know whether there is any association between 
the rapidity of growth and the ultimate size attained, between the ulti- 
mate growth and the age at which half the growth is reached, and 
between rapidity of growth and the age at which the animal is half 
grown. These questions of relationship are answered by the following 


correlation coefficients : 


The fact that rg» is not significantly different from zero means that 
in this group of animals there is no evidence that the adult weight is 
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associated with the initial rate of growth. A rapid early development 
is as likely to be associated with a small as with a large mature weight. 
There is no evidence that a large size is achieved through a rapid in- 
herent growth rate rather than a slow rate. 

The correlation between K and (— ¢ ) also differs from zero by an 
insignificant amount. There is thus no evidence of a relationship be- 
tween adult size and the age at which half this weight is attained. If 
an animal is half grown at a young age there is no tendency for his 
mature weight to be larger or smaller than the average. The age at 
which half his ultimate weight is reached and the amount of the weight 
at that age are therefore unrelated. 

The correlation between b and (— ¢ ) is positive and though small, 
is significant in the light of its probable error. Since the values of b 
are negative, this correlation states that a slow initial rate is associated 
to some extent with a late point of inflection. That is, there is a tend- 
ency for animals starting their growth slowly to reach half their growth 
at a later age than those which have a rapid initial growth, although as 
previously stated these factors are unrelated to the size of their ultimate 
growth. 


The Mean of the Growth Curve 


With the constants of the individual growth curves determined, it is 
possible to express the mean of these curves correct to as many terms 
as we like by following equation (19). In computing these terms it is 


convenient, as before, to translate the origin to the position — s, 


so that the y axis goes through the point of inflection of the mean- 
constant curve, and to express time in units of 3 . Table 5 gives the 


mean curve correct to five terms and shows how it is built up from the 
mean-constant logistic and the first four correction terms. In this table 
z is time expressed in units of “standard interval” from an origin at 


a, and x is time expressed in days from birth. Since birth occurs 


when z is approximately —2.5, the values prior to that have no practical 
significance for this illustration, but are included to show the form of 
the curves over a wide range. The mean curve thus built up is the 
actual average of these 46 logistics and may be taken as a standard of 
comparison for other centering curves. 
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A comparison of the evaluation of the mean curve and the mean- 
constant curve shows that the difference between them is due almost 
entirely to the second correction term. This correction term is positive 
when z is negative, crosses the axis near the origin, which is the z co- 
ordinate of the point of inflection of the mean-constant curve, and is 
negative for positive values of z. It approaches the z axis as a limit, 
for large values of z, both positive and negative. It has one maximum 
and one minimum, which occur in the neighborhood of z = —2.5 and 
+ 2.5 respectively. This correction term is not symmetrical, the ordi- 
nates for positive values of z being approximately twice as great as the 
ordinates for corresponding negative values of 2. 

The effect of this correction term will be, therefore, to raise the 
mean-constant curve for negative values of z and to lower it for positive 
values of z, leaving it almost unchanged near z= 0. The curve will 
be lowered on the positive side about twice as much as it is raised on the 
negative side, the greatest change in each case being near z= + 2.5 
respectively. The mean curve that is thus produced is like the individual 
curves in that it has only one major cycle, but it has the essential differ- 
ence that it is a skew and not a symmetrical curve. 

For the present illustration, Table 5 shows the size of the difference 
between the mean curve and the mean-constant curve in absolute grams 
and in proportion to the mean curve and to K. The maximum differ- 
ence in the early part of the curve is nearly 14 grams and is between 
7 and 8 per cent of the mean curve. In this part of the curve a differ- 
ence of 14 grams represents a difference of 2 or 3 days growth. In 
the later part of the curve the maximum difference is about 23 grams 
and represents 4 or 5 days growth. There is thus a very definite differ- 
ence between the mean curve and the mean-constant curve, and the 
mean curve cannot be said to follow the type of growth of the individual 
curves. 

The deviation of the mean curve from a true logistic is shown 
further in comparing the mean curve with the logistic obtained by Reed’s 
and Pearl’s summation theory. The equation for this curve, deter- 
mined by (21) in the preceding section, is 


2321.74 
* hans I ++ ¢?-8626 — 020455 





and is evaluated in column (3), Table 6. The deviations of this curve 
from the mean curve are less in the early and late parts of the range 
than those of the mean-constant curve. Since it is symmetrical, how- 
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ever, and agrees well with the mean curve in these parts of the range it 
must necessarily diverge from it in intermediate positions. The devia- 
tions in the neighborhood of —z2.5 are about the same size as those 
of the mean-constant curve from the mean curve. After the point of 
inflection, the curve diverges more rapidly from the mean curve, having 
its greatest deviation of about 25 grams near z= 1. It is interesting 
to note that the direction of most of the deviations is opposite in sign 
to those for the mean-constant curve. The mean curve therefore falls 
between these two approximations to it, over most of the range. These 
three curves are shown graphically in Figure 8. 


TABLE 6 
The Mean of the Individual Rabbit Curves Compared with 
Three Centering Logistics 





2 
(TIME IN 3 
UNITS OF £ (4) 
(TIME IN LOGISTIC 
pAYS From = ( FITTED 
TO MEANS 





+1159.8 . . +1147.5 
+1436.3 ; +1436.8 
+1679.6 . +1655.6 + 1693.6 
+1873.4 +1853.9 +1897.7 
+2016.7 J +2004.5 +2046.1 
+2117.4 , +2112.1 +2147.0 
+2186.0 Y +2185.7 +22128 
+2231.8 . +2234.5 +2254.3 
+2262.1 . +2266.2 +2280.0 
+2282.1 +2286.6 +2295.8 
+2295.3 . +2299.6 +2305.4 
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The two logistics just considered as approximations to the mean 
were obtained by knowing the constants of the individual curves. In 
actual practice, knowledge of the individual growth is usually lacking. 
The observations ordinarily are taken on individuals of various ages 
which are grouped into successive age bands, the average of the obser- 
vations for each group is formed, and the description of growth changes 
is given in terms of these averages. In the present illustration it is 
possible to carry out this procedure and compare the result with the 
mean curve which is formed from the individual growth curves. 

The averages of the weights in this series of observations were 
formed by weekly periods from the age of four weeks to fifteen weeks, 
by two-week periods from fifteen weeks to twenty-three weeks and for a 
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four-week period from twenty-three to twenty-seven weeks. The reason 
for taking broader age bands in the older ages was that the observations 
were taken less frequently in this period and consequently the number 
of observations in a weekly period was too small to give a stable average. 

A logistic curve was fitted to these averages by the same method as 
that used for fitting the individual curves, described above. K was 
determined to the nearest hundredth of a kilogram. In determining K, 
values of 2300, 2310, 2320 and 2330 grams were tried. The plot on 


arithlog paper of ce against +, showed the first two values to be 
¥ 


too low. The last two values gave plots very close to a straight line 
and since it was difficult to decide between them, logistics were fitted for 
both cases, and the standard deviation of the observations about each 
curve was computed. Since the standard deviation was slightly lower 
for the K of 2320 grams, this curve was used. The observed and 
theoretical values for this curve are given in Table 7. The standard 
deviation of the points about the curve is 26.3 grams. Figure 9 shows 
graphically the fit of the curve to the observations. 


TABLE 7 
Mean Weights of Rabbits and Calculated Values from 
Logistic Fitted to Means 





x 
(TIME IN DAYS 
FROM BIRTH) 





105-118 
119-132 
133-146 
147-160 
161-188 
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The constants of this curve, in comparison with the two central 
logistics previously discussed, are as follows: 


K a b 
Logistic fitted to means 2320 2.5609 —.03207 
Mean-constant logistic 2321.7 2.5080 —.03156 
Mean logistic (Reed and Pearl) 2321.7 2.3626 —.02945 
The evaluation of the logistic fitted to the means is given in comparison 
with the mean curve in column (4) of Table 6. This logistic under- 
shoots the mean curve for negative values of z more than the mean- 
constant curve does, and overshoots it in the positive part of the range 
by about the same amount as the mean-constant curve. It is thus a less 
accurate approximation to the mean curve in this case than either of the 
other logistics considered. The discrepancy between the mean curve 
and the curve fitted to the means is due to the grouping of measurements 
into an age band of some arbitrary size. For this reason, the ordinary 
process of describing the growth by a curve fitted to the means of the 
observations will not necessarily lead to the mean of the individual 
growth curves. 
The application of the expression for the mean of a group of logistics 
to this series of individual curves shows that for a cluster of logistics 
having variability and correlation of this type, the mean curve agrees 
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with the individual curves as to its number of important cycles. The 
mean curve does, however, differ definitely in type from the individuals 
since the effect of the second correction term is to introduce a skewness 
into the mean curve which is absent in the individuals. 

For a group of individuals which are more highly variable than the 
curves in this illustration, the correction terms higher than the second 
will become important ard the mean curve may have a greater number 
of significant fluctuations than the individuals. Since the variability and 
correlations in the rabbit growth material are, however, of the same 
general character as those observed in other biological material, this 
illustration can probably be considered representative. It is therefore 
reasonably safe to assume that the principal epochs observed in the 
growth of averages of individuals do not arise from the averaging 
process but are present also in the individual growth. It is not, how- 
ever, safe to ascribe to the individuals the degree of symmetry observed 
in the averages, since the averaging process produces a mean curve 
different in this characteristic from the individual curves from which 
the mean is formed. 

Since the logistic curve is used widely to express growth of popula- 
tion as well as growth of individual organisms, it is of interest to see 
the effect of applying this theory to the summation of population curves. 
It has been shown that it is the variability of the a and 6 constants which 
determines the extent of the differences in the characteristics of the 
average or total curve and the individual curves. The variation in a 
measures essentially the variation in the proportion of the limiting 
growth attained at a particular time. Since in practice, curves would 
not be summed that differed fundamentally as to the stage they had 
reached in their growth, the variability of a will be small. In order to 
get some estimate as to the variability of the b or rate constant in such 
problems, the coefficient of variation was computed for the fifteen coun- 
tries whose curves are given by Pearl.** This coefficient is 27 per cent, 
as compared with a coefficient of 18 per cent for the b constants of the 
individual curves of the preceding illustration. In view of the fact that 
these fifteen countries are scattered over all the world and represent 
very diversa types of civilization, it is probable that the variability in this 
group is considerably greater than would occur in a group of populations 
which would be put together in any actual problem. The size of the 
deviation of the mean curve from a simple logistic in the application to 
the group of individual curves given above is probably fairly representa- 
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tive, therefore, of the deviation which would be likely to be met in sum- 
ming population curves. 


SUMMARY 


This study treats of the relationship between the form of individual 
growth curves and their average. The average of a group of individual 
curves of any given function is expressed in terms of the mean-constant 
curve and a series of correction terms involving the partial derivatives 
of the function with respect to the constants and the moments of the 
constants. 

This theory is applied to two empirical growth equations—the 
generalized parabola and the logistic. For the parabola the correction 
terms vanish and the mean curve is identical with the mean-constant 
curve. For the logistic the correction terms persist as a power series in 
03402, Whose coefficients contain successive derivatives of the logistic with 
respect to a. The form of the mean curve differs from the simple 
logistic in two fundamental characteristics,—it is a sinuous curve having 
fluctuations in its rate of growth not —: in the logistic, and it is 
not a symmetrical curve. 

The equation for the mean of a group of logistics is applied to a 
series of individual growth observations which are fitted with logistic 
curves. It is found that for curves having the type of variation present 
in this group of observations, only the second correction term is im- 
portant. The effect of this term is to raise the early part of the mean- 
constant curve and lower the later part, the latter correction being about 
twice as large as the former. The introduction of this skewness is the 
principal effect of the correction terms since the fluctuations in the rate 
of growth which are inherent in the mean curve equation are insignifi- 
cant for material of this degree of variability. 

These results lead to the following general conclusions: 

The average of a series of individual growth curves may differ in 
certain fundamental characteristics from the separate curves. Therefore 
when observations on any biological form are taken on different indi- 
viduals of varying ages and the description of growth is given in terms 
of the averages of these observations, the form of the growth of these 
averages cannot be assumed to be characteristic of the growth of the 
individual organism. The curves may differ as to the number of major 
cycles in their growth and as to the degree of skewness. 

The extent of these differences depends upon the variability’ of the 
individuals. In cases of extreme variability, significant undulations may 
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ar. be present in the average, which are entirely lacking in the individual 
growth. To interpret these variations as epochs in the growth of the 
individual organism, associating them with physiological age changes, 
dual would be fallacious, since they are a result of the mathematical process 
dual of averaging and have nothing to do with the biology of growth. With 
tant the variability ordinarily met with in biological material, which is illus- 
ives trated in the numerical example given in this paper, these additional 
the fluctuations are insignificant in size. Consequently it is safe to say that 
the fluctuations in rate frequently observed in the growth of averaged 
the observations do not arise merely from the averaging process, but are 
ion present also in the individuals. 
ant A much more pronounced effect produced by averaging is in chang- 
sa ing the degree of skewness in the mean curve. For the type of vari- 
ith ability illustrated in this paper, the mean curve differs definitely from 
ole the individuals in this characteristic, and in more variable material, the 
ng difference is much more marked. It is therefore not possible to ascribe 
is the degree of asymmetry observed in a series of averaged measurements 
to the growth of an individual organism. 
a Since the result of averaging symmetrical logistics is to produce a 
ma skew mean curve, the question arises as to the effect of the averaging 
nt process on skew individual curves. This question is not treated specif- 





ically in this study but the direction of the corrections for the logistic 
suggests that the mean of skew growth curves is more symmetrical than 
the individual curves. 

This analysis shows, therefore, that the number of significant cycles 
in a growth curve is fairly stable and is maintained unchanged in the 
average curve except when there is a high degree of variability in the 
curves, but the degree of skewness is a more sensitive characteristic 
which does not persist unchanged through the process of averaging 
individual curves. 











REFERENCES CITED 


. Scammon, R. E., and Catxrns, L. A. (1929) The development and growth 

of the external dimensions of the human body in the fetal period. The 

University of Minnesota Press, Minneapolis. 

2. Murray, H. A. (1925) Physiological ontogeny. Jour. Gen. Physiol., 
vol. 9, 39. 

3. Peart, R., and Reep, L. J. (1925) Skew-growth curves. Proc. Nat. Acad. 
Sci., vol. 11, 16. 

4. Gray, J. (1929) The kinetics of growth. Brit. Jour. Exp. Biol., vol. 6, 243. 

. Ropertson, T. B. (1923) The chemical basis of growth and senescence. 















HUMAN BIOLOGY 


J. B. Lippincott Company, Philadelphia and London. 

Bropy, S. (1927) Growth and development. Research Bull. 97, Agricultural 
Experiment Station, University of Missouri. 

Peart, R., and Reep, L. J. (1920) On the rate of growth of the population 
of the United States since 1790 and its mathematical representation. Proc. 
Nat. Acad. Sci., vol. 6, 278. 

Hott, L. E. (1918) Standards for growth and nutrition. Amer. Jour. Dis. 
Child., vol. 16, 359. 

Yute,G. U. (1925) The growth of population and the factors which control 
it. Jour. Roy. Stat. Soc., vol. 88, 1. 

Reep, L. J., and Peart, R. (1927) On the summation of logistic curves. 
Jour. Roy. Stat. Soc., vol. 90, 7209. 

Caste, W. E. (1922) Genetic studies of rabbits and rats. Carnegie Insti- 
tute of Washington, Pub. 320. 

Pearson, K. (1900) On the magnitude of certain coefficients of correlation 
in man. Proc. Roy. Soc., vol. 66, 23. 

Berkson, J. (1929) Growth changes in physical correlation. HuMAN 
Bro.ocy, vol. 1, 462. 

Peart, R. (1924) Studies in human biology. Williams and Wilkins Co., 
Baltimore. 












‘i 


DIFFERENTIAL MORTALITY IN THE 
AMERICAN NEGRO 


BY S. J. HOLMES 










Where two or more races occupy the same territory each race tends 
to supplant its rivals. Whether the races engage in actual conflict or live 
together on the most peaceable and friendly terms the biological struggle 
for supremacy inevitably goes on. Barring migration and the possible 
absorption of one race by the other, the race which maintains the greatest 
excess of births over deaths will necessarily prevail over its competitors. 
Even if our white and negro inhabitants should ultimately become fused 
into a single hybrid stock, the relative net fertility of the two races 
would, in the meantime, have a marked influence on the complexion of 
the resulting product. 

Both the birth rate and the death rate of American negroes have 
undergone marked changes since the period of emancipation. The 
wretched conditions under which negroes were compelled to live after 
their liberation from slavery led to an appalling increase of mortality. 
Tuberculosis, venereal diseases and other infections rapidly spread, and 
infant mortality rates were commonly between 200 and 300 per 1,000 
births. To judge from our imperfect vital statistics for this period 
negro mortality for some decades after the Civil War was on the in- 
crease, and it apparently reached its height in most localities sometime 
in the eighties. Nevertheless it was during this period of very high 
mortality that the negroes showed the most rapid natural increase. For 
several decades both the birth rate and the death rate have been falling 
in our colored population and the rate of natural increase has been 
slowly decreasing. A similar decrease of births and deaths has been 
taking place in the whites, but while both the birth rate and the death 
rate are lower in the whites than in the negroes our white population 
continues to show the more rapid growth. 

In this paper we are concerned with but one aspect of the inter- 
racial struggle. The course of the negro birth rate in different areas 
of the United States will be considered in a later communication. If 
the negroes had as low a mortality as the whites they would now be 
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multiplying at the more rapid rate. The marked reduction of negro 
mortality which has occurred during the past three decades has led 
several writers to infer that the differences in the death rates of negroes 
and whites are the product of environmental causes and hence may 
ultimately be obliterated. We may concede without further discussion 
that a large part of the high mortality of the negro is a direct conse- 
quence of ignorance and unfayorable surroundings. This is true to an 
even greater degree for the death rate of infants than it is for that of 
adults. In the case of several diseases it is impossible to separate, even 
with the rudest approximation, the effects of environment from those of 
racial heredity. The relatively high death rate of the negro from typhoid 
fever, malaria and dysentery may be wholly accounted for, so far as is 
positively known, by the negro’s insanitary mode of life and the acci- 
dents of his geographical environment. But to argue from facts of 
this kind that racial differences are negligible factors i in mortality is to 
commit a serious, though very common error. 

The advantages of more favorable surroundings are everywhere en- 
joyed by the whites. Consequently, where we find that, in spite of this 
fact, there are certain diseases that are considerably less fatal to the 
negro we are more justified in attributing this advantage to a racial 
idiosyncrasy. There are several diseases of this sort, such as scarlet 
fever, erysipelas and diphtheria. On the other hand, the negro is espe- 
cially attacked by several diseases whose ravages, although aggravated 
by unfavorable surroundings, nevertheless furnish evidence of being 
determined to a large extent by hereditary factors. 

The subject of differential mortality is full of pitfalls. One source 
of confusion is the failure to distinguish between a true racial immunity 
to a disease and an immunity slowly built up through the direct reaction 
of persons exposed to infection. Much has been learned about the 
acquisition of immunity which was quite unknown three decades ago, 
and this knowledge has an important bearing on several matters affecting 
the welfare of the colored population. Different diseases present their 


peculiar problems, and these will be discussed in the sections devoted to 
particular maladies. 


SCARLET FEVER 


The negro race has long enjoyed a partial immunity to scarlet fever. 
Deaths under one year are not very numerous, but since 1914 there 
have been nearly four times as many among the whites as among the 
colored in proportion to the number of infants of these races. In older 
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age periods the racial difference becomes more pronounced. From 1919 
to 1923 inclusive, there have been in the Registration States 785 deaths 
of whites and 35 of colored children under one year from scarlet fever, 
giving a ratio of 23.43 white to 1 colored infant. In the same area and 
period there have been 8,095 deaths of white children and 137 deaths of 
colored children under 5 years, giving a ratio of 69.09 whites to 1 col- 
ored. Both of these figures are several times the expected ratio for 
all deaths which for these years would lie between 5 and 6. 

In his valuable survey of the vital statistics of the census of 1890 
Dr. J. S. Billings states that the death rate for scarlet fever “was much 
higher among the whites (14.20) than it was among the colored (2.72).” 
In a similar survey of the vital statistics of the census of 1880 Dr. 
Billings remarks that scarlet fever “caused a much greater proportion 
of the deaths among the whites (20.9) than among the colored (3.9).” 
For a group of 28 cities in 1890 the death rate for whites was 17.81 and 
for the colored, 3.84. Deaths from scarlet fever were not given for 
infants under 1 year in the 1890 returns, but the data collected for 31 
cities showed 240 deaths among whites and 3 among negro infants, while 
in children under 5 there were 2,511 deaths among whites and 31 among 
negroes. The total deaths under 1 year in these same cities were in the 
ratio of 7.6 white to 1 colored, and under 5 years in the ratio of 8.45 
white to 1 colored. 

Statistics of the census of 1870 show 20,011 deaths from scarlet 
fever among whites and 289 among negroes, giving a ratio of 69.24 to I, 
as compared with the ratio of 6.27 for deaths from all causes. Before 
this we do not have comparative statistics over any extensive area. In 
1870 deaths of whites from scarlet fever were over ten times as prev- 
alent as among blacks on the basis of the general death-rates of the two 
races. A certain amount of allowance should be made, however, on ac- 
count of the inaccuracies in the returns of the 1870 census for the negro 
population. 

In this connection we may cite the experience of the Metropolitan 
Life Insurance Company which insures large numbers of children 
among both whites and negroes, although it does not take children under 
one year of age. The results are summarized in the following table, 
which gives the death-rates of white and colored policy holders from 
IQII to 1916 based on 4,638 deaths. 
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TABLE 1 


Mortality from Scarlet Fever of White and Colored Policy Holders in the 
Metropolitan Life Insurance Company 1911-1916. Rates per 
100,000 Persons Insured 


AGE 


All ages over 

one year 
1-4 

5-9 

10-14 

15-19 

20-24 

25 and over 


A comparison of the death rates of white and colored persons in 
individual years showed that the death rates of both sexes were much 
greater for whites than for colored persons in each of the six years 
covered by the returns. The subsequent experience for the same com- 
pany shows much the same relation between the death rates of its white 
and colored patrons. 

In studying the racial incidence of a disease one must guard against 


sources of error due to the peculiar features of its geographical distribu- 
tion. Scarlet fever is less prevalent in the Southern States than in the 
North, as is very clearly shown in Dr. Billings’ maps of the regional 
distribution of this disease. This low death rate from scarlet fever as 
Dr. Billings remarks, may be due in part to the large negro population of 
the Southern States. One may obviate sources of error due to geo- 
graphical distribution by comparing the deaths of white and colored 
persons in restricted areas. In the following table (Table 2) are given 
the death rates of the white and colored population per 100,000 members 
of these groups in the states of the Registration Area which report deaths 
by race. It will be seen that there is a wide fluctuation, not only in the 
death rate from scarlet fever in different times and places, but also in 
the relative death rates of the white and colored population. This latter 
circumstance is mainly due to the small number of cases reported and 
the consequent influence of chance variations. Occasionally the rate 
for the colored people exceeds that of the whites, but it is never twice as 
great, and in no state of the Area does it consistently exceed that of the 
whites. In some of the states the rate for the whites is often over three 
times that of the colored. In contrast with the rates for the Southern 
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TABLE 2 


Death Rates per 100,000 from Scarlet Fever for White and Colored 


1927 
W 1.2 
Fla. C 02 
W 
Ga. “o 
W 20 
Ky. C 09 
W 07 
La. ic 0.3 
{Ww 1.2 
Md. jc 0.3 
. W 20 
Miss. ae 
W 16 
W 06 
sc {W of 
W 24 
Tenn. ic a3 
W LS 
Va. ic 03 
1.0 
Dof C.}o 4.0 


Population in Several States 


1926 1925 1924 1923 1922 1921 1920 1919 1918 1917 1916 1915 1914 
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02 00 00 09 O03 O03 00 00 


10 10 14 
02 04 03 


24 21 14 22 19 28 27 23 22 23 25 25 28 
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19 84 345 #88 22 20 af 28 24 28 
09 «6«14«C«8.7:)— 16 0.7 %1.3 «0.7 0.7 


17 20 17 25 20 33 17 19 314 10 18 14 2.6 
or 08 04 03 04 07 OF O04 O03 O03 O03 04 


12 10 22 33 15 24 24 12 §8 33 17 28 O4 
24 08 1.7 26 09 «600.9 10 61.0 


States, as shown in the table, we may cite the rates for 1923 in several 
of the Northern States. California 3.2, Colorado 4.2, Connecticut 3.7, 
Delaware 8.7, Illinois 3.4, Indiana 3, Iowa 5.9, Kansas 4.0, Mississippi 
9.3, Michigan 7.8, Massachusetts 4.0, Nebraska 4.4, Pennsylvania 6.4, 
Wisconsin 8.6. 

Taking groups of states we find the rates for whites and colored in 
1880 and 1890 as follows: 





76 HUMAN BIOLOGY 


TABLE 3 


Proportions of Deaths from Scarlet Fever in the White and Colored Population 
as Compared with 1,000 Deaths from Known Causes 


1880 1890 
REGION White Colored White Colored 


North Atlantic Coast Region marke —_ 3-94 1.83 
Middle Atlantic Coast Region 5.7 7.63 2.13 
South Atlantic Coast Region 2.1 0.39 0.62 
Gulf Coast Region 1.6 1.38 1.23 
Interior Plateau . 9.19 1.18 
South Central Appalachian . y 3.15 1.99 
Ohio River Belt . 5.67 0.32 
South Interior Plateau . . 1.91 0.42 
South Mississippi River Belt ’ 3.26 1.63 
Southwest Central Region 2.25 1.48 
Central Region, Plains and Prairies . . 9.30 1.63 
Total 


Similar high rates for the whites are shown in several cities. In 
Baltimore (1905 to 1919) there were 457 deaths among whites and 31 
among negroes, giving a fatality according to Howard(’24) “nearly three 
times greater in the white than in the negro race.” Morbidity rates of 
Baltimore for 1921 show a rate of 164 per 100,000 for whites and 39 for 


negroes, based on a total of 1,069 cases. The history of scarlet fever in 
Baltimore, according to Howard, shows that: 


During the last 20 and probably the last 40 years, the morbidity rates have in- 
creased as the mortality rates have declined; in other words the capacity of scarlet 
fever to attack the population has increased as its lethal force has diminished. . . . 
A very remarkable change has occurred in the ratio of mortality among negroes as 
compared with whites. In 1850 the mortality rate for the former was only about 
one-fourth less than that for the latter, while during the past 15 years, the mortality 
was nearly three times greater among the whites than among negroes. 


The data for 1850, however, comprise a total of 225 deaths for both 
races in a population in which the whites were over five times as numer- 
ous as the blacks. A difference of only 10 deaths in the colored popu- 
lation would make a very material difference in the mortality rates of 
the two races. While scarlet fever, like many other epidemics, varies in 
virulence in different times and places, I cannot find any adequate 
evidence of a general change in the way in which it affects the colored 
population. There seems to be little to cause changes in the diagnosis 
of scarlet fever, because there has been little improvement in the method 
of distinguishing this disease from others with which it may be confused. 
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The experience of the U. S. Army during the World War bears out 
the preceding conclusions as to the racial incidence of scarlet fever, as 
may be seen in the following table: 


TABLE 4 


Admissions, Deaths, Discharges, and Days Lost from Scarlet Fever Among 
White and Colored Troops in the U. S. Army, April, 1917, 
to December 31, 1919 


WHITE COLORED 

Admissions— 

Number 10,993 97 

Rate per 100,000 3-05 -34 
Deaths— 

Number 338 2 

Rate per 100,000 .09 oI 
Discharges— 

Number 18 o 

Rate per 100,000 OI 0 
Days Lost— 

Number 472,967 4,639 

Rate per 100,000 .36 04 

MEASLES 


According to many accounts measles acts with very different degrees 
of severity upon the various races of mankind. That certain races 
show an extreme susceptibility to measles is due in large part to the fact 
that they have built up no immunity against this disease. True racial 
differences in susceptibility probably exist, but they are more difficult to 
demonstrate than has commonly been assumed. The complications of 
the problem will become apparent in the discussion which follows. 

During the first year of life the death rate from measles is relatively 
low, and of the deaths which occur the great majority fall within the 
last six months. A compilation of deaths from measles occurring in the 
Registration Area for Deaths from 1914 to 1923 shows that the death 
rate among negro infants is only about two-thirds as high as would be 
expected on the basis of total deaths. The ratio of deaths (colored to 
white) is 1 to 10.94 instead of 1 to 7.47, the ratio of infant deaths for 
all causes combined. The data are sufficiently extensive and extend 
over a sufficient period of time to eliminate the influence of the great 
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annual and regional differences which are so apt to betray one in inter- 
preting the statistics of this disease. 

Since 1920 death rates both crude and adjusted have been published 
in the U. S. Mortality Statistics for the Registration States of 1920 and 
these show that, except during two years, 1923 and 1924, the whites 
suffered more from measles than the colored population. These rates 
are given in the following table: 


TABLE 5 


Death Rates, Crude and Adjusted, from Measles in the United States Registration 
States of 1920 (1920-1927) 


WHITE COLORED 
Adjusted Crude Adjusted Crude 


1920 9.9 F 4-3 4.1 
1921 4.6 3.6 3.4 
1922 5.0 . 3.2 3.0 
1923 11.2 . 16.8 15.7 


1924 rg ; 16.2 15.1 
1925 2.6 . 2.0 2.0 


1926 9.3 i 6.4 6.2 
1927 3-9 . 5-7 5-5 

One meets with considerable variation in the relations between the 
rates for the white and colored population from year to year as well as 
marked fluctuations in the general death rate from this disease. The 
more or less periodic epidemics which sweep over large sections of the 
country may prevail now in the north and now in the south, or again 
in the west. Since the proportion of colored people varies enormously 
in different parts of the Registration Area we would naturally have a 
high death rate for the colored population when measles prevailed in the 
south, and a relatively low rate when it prevailed in the north or west. 
Inasmuch as measles seems to thrive in all climates, these variations 
would tend to cancel out in data covering a series of years. In 1923 
and 1924 there was not only a high death rate from measles in the Regis- 
tration States, but the death rate for the colored population rose above 
that of the whites, whereas in the five preceding years the death rate for 
the whites exceeded that for the colored. 

The clue to the exceptionally high rate for the colored population 
in 1923 and 1924 is found in the fact that the general measles rate in- 
creased very greatly in several of the southern states. According to the 
volume on Mortality Statistics for 1923, “Comparing the rates for 1922 
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and 1923 for the 37 Registration States shown for both years, increases 
in 1923 are shown for 32 states, the largest increases appearing for Del- 
aware (from 1.8 to 25.2), Rhode Island (from 0.8 to 21.8), North 
Carolina (from 0.9 to 21.9) and Virginia (from 1.5 to 22.3).” In one 
other year, 1917, the general mortality from measles in the Registration 
Area was higher in the negroes than in the whites and this was also a 
year in which measles was very prevalent in the southern states. 


In commenting on the measles rates for 1916 and 1917 the report on 
Mortality Statistics (1917) makes the following statement : “Comparing 
the Registration States for 1917 and 1916, decreases are shown for 
1917 by 11,—Connecticut, Massachusetts, Michigan, Minnesota, New 
Jersey, New York, Ohio, Pennsylvania, Rhode Island, Virginia, and 
Wisconsin,—while 4,—Kentucky, Maine, North Carolina, and South 
Carolina show rates in 1917 more than five times those of 1916.” In 
all of the last mentioned states except Maine, in which the negro rate 
was based on less than five cases, the white rate exceeded that for the 
colored. A higher rate for whites is shown in some other southern 
states, but not in all, for the same year. 


It is one of the seeming paradoxes such as are often found in vital 
statistics, that the addition of areas in each of which the white death 
rate for a particular disease is greater than the negro rate may give for 
the region as a whole a death-rate which is higher for negroes than for 
whites. Failure to be on one’s guard against this possibility is very apt 
to lead to error in the interpretation of statistical data. This source of 
error is especially apt to betray one in the problems with which we are 
dealing. One of the best ways of avoiding the statistical pitfalls due to 
the uneven geographical distribution of a disease is to study the death 
rates in particular localities over a series of years. We, therefore, sub- 
mit the following data on the course of mortality from measles during 
several years in a number of states. In general it may be seen that the 
mortality rate of the negro is usually less than that for the whites. 


There are, however, several cases in which the death rate among 
the colored exceeds that of the white population. These may sometimes 
be due to chance fluctuations in cases where there were only a small 
number of deaths but the preponderance of negro deaths in some states 
in 1923-24 is probably due to other causes. During the year of greatest 
mortality from measles (1917) the rate for whites exceeded that for the 
colored in all states listed in the preceding table, except Maryland, and 
in this state the measles rate was the lowest of all in the states recorded. 
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TABLE 6 


Death Rates from Measles per 100,000 Population—White and Colored 
in Selected States, 1915-1927 


1926 1925 1924 1923 1922 1921 1920 1919 1918 1917 1916 1915 
21 o8 28 92 09 «21.7 «65 
22 05 . 06 06 06 3.3 
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7.9 11.8 10.2 
1.7 5.1 
73 3.1 
41 13 
33 68 
24 49 
20 06 
12 1.4 
63 28 6: 6 45.9 
41 1.4 9 33.9 
32.2 ‘ 6.9 42 .I 53.2 
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Va. Je I 39 109 195 04 65 36 I: 12.0 23.1 2.9 


However, when we study the comparative death rates of the white 
and colored population in individual states we do not avoid all the 
errors due to differences in geographical distribution. Death rates from 
measles are usually higher in cities than in rural districts. The propor- 
tion of whites and negroes is usually much different in cities from what 
it is in the country. In several of the southern states with the largest 
colored population negroes are predominantly rural in distribution. In 
the north and west they are largely concentrated in cities. 

A study of the relative death rates of the races in cities affords a 
means of avoiding errors due to the cause just mentioned, but at the 
same time it introduces the chance of falling into others. One circum- 
stance to be considered is the relative proportion of children to that of 
older persons in the two races, since the race with the largest proportion 
of children is apt, other things being equal, to have the higher death 
rate from measles. A large part of our data on the death rates of the 
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white and colored population of cities is confined to the last 10 or 12 
years. During this time, owing to circumstances connected with the 
Great War, there has been a great stimulus to the urban migration of 
negroes, and this migration has affected the negro population of different 
cities in a very unequal manner. Estimates of the negro population 
which have been made year by year are very apt to be quite different 
from the true number. I strongly suspect that this circumstance has 
contributed not a little to cause the variations in negro death rates which 
the statistics of our cities exhibit. The same factor of recent migration 
would affect greatly the proportion of negro children in different cities. 

Formerly the opinion was frequently expressed that measles is more 
fatal to negroes than to whites. Dr. E. R. Corson in his extensive paper 
on “The Vital Equation of the Colored Race,” after remarking that 
diphtheria and scarlet fever are less common among the colored people, 
states that “measles and whooping cough are both very much more fatal 
among them.” This conclusion is supported by the data contained in 
the reports of the U. S. Census for 1870, 1880 and 1890. In 1870 there 
were reported 2,059 deaths from measles among negroes and 7,158 
among whites. This gives a death rate of 30 per thousand of total 
deaths for negroes and 16.8 per thousand of total deaths for the white 
population. In 1880 the proportion of deaths from measles to one 
thousand deaths from all causes was 12.12 for whites and 23.75 for 
negroes. While the measles rate was relatively high in the southern 
states in 1880, we find that the rates in the several regions were higher 
for negroes than for whites. Taking the areas in which the rates for 
the two races are given we have the following: 


TABLE 7 


Death Rates from Measles per 1,000 Deaths from all Causes in the 
White and Colored Population, 1880 
WHITE COLORED 

Middle Atlantic Coast Region 6.3 

South Atlantic Coast Region 14.0 

Gulf Coast Region 7.1 

Interior Plateau 6.5 

South Central Appalachian Region 9.4 

Ohio River Belt 9.9 

South Interior Plateau 11.0 

South Mississippi River Belt 4.4 
Southwestern Central Belt 

Central Region Plains and Prairies 


Total 
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With the exception of the last two areas in which the excess of white 
deaths from measles is not great the data show a rather striking pre- 
ponderance of deaths in the colored population. It should be borne in 
mind that the returns of the deaths of the censuses of 1870, 1880 and 
1890 were very incomplete. It was estimated that something over 40 
per cent of the deaths were not returned in the census of 1870, and Dr. 
Billings considers that a high percentage of deaths were not recorded 
in the censuses of the two following decades. The data have a certain 
value, however, for purposes of comparison, although it is probable that 
negro deaths were reported less frequently than those of whites. Under 
the circumstances it is more accurate to use the proportion of deaths 
from a particular disease to total deaths, as is done in the table, than it 
is to employ deaths per thousand of the population, which give too low 
a rate of mortality. For the entire United States the proportion of 
deaths from measles to 1,000 total deaths in 1890 was 10.45 for whites 
and 14.87 for negroes. The data from the Registration Area for that 
period show a death rate per 100,000 inhabitants of 13.23 for whites 
and 19.58 for the colored. At the next census (1900) the death rates 
from measles in the white and colored races were not so far apart. The 
rates in the Registration Area per_ 100,000 population were 13.1 for 
the whites and 15.02 for the colored. Death rates of infants under one 


year, however, were 150.0 per 100,000 population for the white, and 
219.6 for the colored population. 


Taken_at their face value the data here presented point to the con- 
clusion that measles is coming to act with decreasing severity upon the 
colored population. But statistics, and especially vital statistics, cannot 
always be taken at their face value. There are in fact several sources of 
error which we should consider before we are justified in having con- 
fidence in the conclusion just stated. There is the source of error al- 
ready alluded to, arising from the uneven geographical distribution of 
the disease. So far as the later data on measles are concerned we have 
been able to make fairly adequate allowance for this factor. The less 
complete data for earlier decades do not permit us to do this so well, but 
the probabilities are that this disturbing factor does not account for the 
observed result. 


There is the matter of the different age composition of the two races 
and the changes which the races have undergone in this respect during 
the past few decades. We should naturally expect a race with a large 
proportion of children under five years to have a high death rate from 
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measles. But measles is a children’s disease because most adults are 
already protected by having had it while young. Aside from this cir- 
cumstance the disease pays little attention to age. Where two races are 
commingled, the one which has reduced its birth rate the more rapidly 
would have relatively fewer susceptibles and would hence show a lower 
rate for this disease. In large sections of our country, but by no means 
in all, this is the condition we have presented. This is indicated in 
several of the southern states by the fact that the proportion of children 
under five has decreased more rapidly in the negroes than in the whites. 
In the north the proportion of children under five among the negroes is 
very much less than it is in the south. It is a significant fact that when 
we consider only deaths under one year of age we find the same excess 
for whites as we do in more advanced age groups. In table 26 it may 
be seen that this excess occurs in all years except 1917, 1923, and 1924, 
which are the years of negro excess for the general population. The 
data for the age groups given for 1920, 1921, 1922, and 1923 show that 
the white excess is found (except in 1923) for each age group up to 
the adolescent period when the numbers become too small to be sig- 
nificant. The same conclusion is borne out by the statistics of the 
Metropolitan Life Insurance Company. It is quite evident that differ- 
ences in age composition can explain only a part of the racial incidence 
of the death rate from measles. 


A factor of possibly considerable influence is changes in habits of 
reporting causes of death. In measles and other diseases affecting in- 
fancy and childhood, the original infection may afford the occasion for 
an attack of pneumonia or some other fatal malady, and the question 
may arise as to whether the death should be recorded as due to the 
original disease or the secondary complication. In general, physicians 
report the final complication as a cause of death less frequently than 
formerly. Negroes are especially prone to succumb to the respiratory 
sequelae which commonly follow children’s diseases. Consequently 
changing customs of reporting deaths might not only make changes in 
the death rates for children’s diseases, but also changes in the relative 
rates for the two races. The former high death rate for negroes from 
measles may, therefore, be due to their greater liability to die of 
pneumonia. 

Another factor consists in the changing economic and educational 


status of the two races. With measles, especially, lack of intelligent 
care is apt to cause disastrous results. Doubtless an improvement of the 
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economic and educational status of negroes would greatly reduce their 
death rate from measles. In many places at least the lot of the negro 
has been considerably improved, but it is still below that of the whites, 
That in spite of his inferior status the negro should have the lower rate 
for measles is all the more evidence of his relative immunity to this dis- 
ease. Whether his former conditions of life were so bad as to more 
than compensate for his natural immunity is questionable. 

Lack of adequate care is probably one of the reasons why the measles 
rate varies so much in different national groups in the United States. 
In 1900 the measles death-rate in children under one year was 379.2 
per 100,000 for those of Italian parentage; 208.8 for those of Irish 
parentage; 119.1 for those of native parentage; and 219 for those of 
colored parentage. For reasons already discussed we should be care- 
ful in drawing conclusions from these data, but the facts indicate that 
status is a very important factor in the measles death rate. In the light 
of these facts we might be prone to explain the relatively high mortality 
from measles among the whites as due largely to the presence of large 
numbers of immigrant stocks of an inferior social and educational status. 
These stocks go largely into the Registration Area. They are notori- 
ously prolific, and their infant mortality from most causes is high. 
Their presence naturally tends to swell the measles rate of the white 
population, but it should be borne in mind that a relatively high measles 
rate is found among the whites in most southern states where there is 
a small proportion of recent immigrants. 

In order to gain a basis for further comparison I have calculated the 
ratio of deaths from measles to total deaths in the white and colored 
population of New York from 1910 to 1923 inclusive. The ratio of 
deaths from all causes in negroes and whites was I to 24.59, while the 
ratio of deaths from measles in negroes and whites was as 1 to 48.21, 
which indicates that the whites have almost twice as high a death rate 
from measles as would be expected from the general death rates of the 
two races. This can scarcely be attributed to unfavorable conditions in 
life since the negro population in New York is probably not as favorably 
situated as the majority of the whites. 

Of special interest in this connection are the data on measles of the 
white and colored soldiers during the late war. I have compiled the 
data on measles given in the volume on Medical and Casuality Statistics 
(15) of the U. S. Army and have embodied them in the following table: 
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Admissions, Deaths, Days Lost and Discharges from Measles in the 
U. S. Army, April, 1917-December 31, 1919 


WHITE COLORED 





Admissions Number 90,112 4,870 
Admissions Rate per 1,000 25.01 17.00 
Deaths Number 2,228 116 
Deaths Rate per 1,000 62 -40 
Days Lost, Number 1,723,795 106,551 
Days Lost, Rate per 1,000 1.31 1.02 
Discharges for Disability, Number 142 7 


The data show that the proportion of deaths, death rates, and ad- 
mission rate, days lost, and discharges for disability are all higher for 
white than for colored troops. The data for German measles show 


similar relations. 
DIPHTHERIA 


The relatively low death rate of negroes from diphtheria has often 
been commented upon. For each of the ten southern states reporting 
deaths of both negroes and whites from diphtheria the death rate, so 
far as reported, from 1914 to 1923, with the single exception of one 
year, 1921, in Maryland, has been higher for whites than for negroes; 
and in this exceptional case the negro excess was slight, (113.0 per 
100,000 colored ; 112.2 per 100,000 white). For the fifteen cities report- 
ing negro deaths there has been somewhat more irregularity, but despite 
exceptions in a few scattering years the higher death-rates for the whites 
are very noticeable. 

The census of 1880 gives the deaths from diphtheria in relation to 
1,000 total deaths in several large areas in the United States as 39.80 
for whites and 17.7 for the colored. For the same regions in 1890 the 
rates were 36.17 whites and 26.06 colored. In the returns for 1880 
and 1890 deaths from croup were listed separately and it is significant 
that in both censuses the rates for whites were markedly higher than 
those for the colored population. Doubtless most of the deaths attrib- 
uted to croup were due to diphtheria. For the Registration Area for 
1890 the death rate from diphtheria among the whites was over twice 
as great as that of the colored (100.35 per hundred thousand as com- 
pared with 46.91). In the Registration Cities it was relatively still 
higher (118.15 whites; 47.21 colored). In the Registration Area of 
1900 the death rates for white and colored respectively were 45.9 and 
30.5. Among the native born whites we find still higher diphtheria 
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rates, 130.1 in 1890, and 59.1 in 1900, a circumstance due to the rela- 
tively small number of children among the foreign born. 

In his valuable paper entitled A Statistical Study of Diphtheria, Dr. 
F. S. Crum(’16) states that “In thirty southern cities combined during 
the years 1909-1913, the average annual death-rate of the white popu- 
lation from diphtheria and croup was 13.7 per 100,000 of the population 
against an average rate of only 8.1 for the negro population.” The 
statistics of the Metropolitan Life Insurance Company tell a similar 
story. In every year from 1911 to 1916 the rate for whites was over 
twice that for the colored among the wage earning policy holders. The 
higher rate for the whites was found in all the age groups up to 
adolescence, when the numbers became too small to give significant 
ratios. 

While children and adults show a lower rate for diphtheria among 
negroes than among whites this relation is frequently reversed in infants 
under one year of age. From 1914 to 1923 inclusive there have been 
8,047 deaths among white infants and 1,128 among the colored. The 
ratio of deaths (white to colored, 7.13) is rather less than it is for all 
causes, 7.47, thus showing a higher percentage of deaths among the 
colored population. The data on the diphtheria death rates of the white 
and colored population under one year show that for each of the years 
included in the infant mortality statistics for the Birth Registration 
Area since 1916 the rates for negro infants have exceeded those for 
whites. The same is shown in the census data of previous decades. 
After the first year the racial incidence undergoes a marked change, 
the rates for the whites showing a marked increase. Table 7 bis taken 
from the U. S. Mortality Statistics is particularly instructive on this 
point. 

As the table shows, for every year from 1920 to 1927 the general death 
rate, both crude and adjusted, is markedly higher among the whites, and 
for every year the same is true for the several age groups. The excess 
of the white death rate shows itself even in the second year of life. The 
data on which the table is based include over 50,000 deaths so the 
chances that the relations disclosed are due to fortuitous variations are 
quite negligible. It seems, therefore, to be quite clearly established that 
the negro death-rate for diphtheria exceeds that of the whites in the 
first year and that after this time the rate for the whites is markedly in 
excess of that of the negroes. One might be tempted to suppose that the 
superior resistance of the negro children after the first year is due to 
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the fact that a larger number of susceptibles have been killed off in in- 
fancy. I think, however, that the selective elimination of negro infants 
can account for only a small part of the low negro death rate from 
diphtheria in the later age groups. The reason for this opinion is that 
the death rate from diphtheria in infancy is too low to confer any con- 
siderable degree of protection upon the survivors. The number of chil- 
dren dying in the first year among the whites is considerably less than 
the number dying in any single year up to the fifth, but in the colored 
population deaths in the first year markedly exceed those of any subse- 
quent year of the first quinquennium. Nevertheless, the rate for the 
colored population does not preponderate over that for the whites in 
the first year to a degree that would account for the excess mortality 
of the whites in the later age groups. In the Registration States of 
1920 in 1922, for instance, I find that if we assume that negro infants 
died of diphtheria at the rate obtaining for white infants during that 
year the deaths from this cause would have been 78 instead of 106. 
The 28 excess deaths distributed among subsequent age groups would 
have very little influence in equalizing the death rates of the two races 
in the later age periods. It is quite evident, I think, that the extent to 
which natural selection may act in the first year is quite incapable of 
conferring upon the negro the degree of protection which is so strikingly 
shown by his low death rate in later life. It is true that the difference in 
the death rates in the two races affords an illustration of natural selec- 
tion. But the differential death rates act on the basis of an inherent 
difference between the two races which antedates the action of selection 
instead of being caused by its operation during infancy. 

It is a noteworthy fact that the percentage of positive Schick tests 
for diphtheria is much the same in negroes as in whites. Dr. L. T. 
Wright (’17) tested 210 persons all but three of whom were colored, and 
found that 86, or 40.95 per cent, gave a positive reaction while 124, or 
59.05 per cent reacted negatively. Doull and Fales(’23) found a “slight 
but not significantly lower carrier rate among the colored children than 
among the white children” in the schools of Baltimore. Doull and Bull 
in studying a ward in Baltimore found that of 8,433 whites 4,741, or 
56.2 per cent, gave a Schick positive test, while of the 561 colored 311, 
or 55.4 per cent, gave the same reaction. In addition Dr. Doull remarks 
“we also studied the Schick test and the efficacy of toxin-antitoxin in 
several institutions for negroes. The net results for all this work would 
seem to indicate that the negro and the white are not widely different 
with respect to antitoxin immunity to diphtheria.” 
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It is probable that the low mortality of the negro from diphtheria 
depends mainly upon his ability to escape infection, since when the 
disease is once contracted it is at least as apt to prove fatal as it is in 
the whites. The ratio of deaths to cases in the District of Columbia 
(1908-1924) was I to 12.94 among the negroes and 1 to 16.77 among 
the whites. Likewise in New Orleans (1910-1919) the ratio of deaths 
to cases was I to 6.49 in negroes and I to 21 in the whites. Asa rule 
the whites enjoy the advantage of greater promptness of diagnosis and 
treatment with antitoxin. How the ratio of deaths to cases would 
compare in the two races under similar environment and treatment we 
do not know. A close approach to this position is afforded by the expe- 
rience of the American Expeditionary Forces, 1917 to 1919. While the 
admission rate for whites was much greater than for negroes, the case 
‘atality of the negroes was the higher, but as only five fatal cases of 
diphtheria occurred in the negroes we cannot place much reliance on the 
ratio of deaths to cases. 


WHOOPING COUGH 


In striking contrast with the_three preceding diseases, whooping 
cough shows a higher death rate among the colored than among the 
white population. In the Registration Area for births the rate in the 
first year of life is over twice that of the whites for every year from 
1916 to 1924 inclusive. A similar high excess of negro deaths is shown 
in the four subsequent years of childhood, after which the death rate 
from this disease falls to a comparatively low level. In fact, over 95 
per cent of the deaths occur in children under five years of age. The 
excess of negro mortality continues through several later years, although 
the number of deaths soon becomes so small as to make comparisons 
untrustworthy. 

The same high rate for negroes is shown in the earlier records of 
vital statistics. Dr. Crum(’15)in his valuable paper entitled “A Statistical 
Study of Whooping Cough,” states that “In Charleston, S. C., during 
the period 1822 to 1848, the average annual death-rate of the colored 
population was 650.5 per 100,000 against a death-rate of 305.8 for the 
white population.” In five large southern cities cited by Crum the 
negro death-rate averaged over three times that of the whites, and the 
experience of the Metropolitan Life Insurance Company with its wage 
earning policy holders, 1911 to 1916 inclusive, showed a rate for the 
negroes nearly double that of the whites. In the latter data children 
under one year were not included. 
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Howard finds that in Baltimore whooping cough is “over five times 
as fatal for negroes as for whites,” and he presents evidence to show 
that the virulence of the disease has undergone fluctuations during the 
course of several years. As to morbidity, Howard finds that it “was 
much greater among the whites than among the negroes.” Crum showed 
that in Washington, 1908-1912, the attack rate was 23.6 per 10,000 
among the whites, and 22.5 among the negroes. With infants under one 
year the attack rate was nearly twice as high among the negroes and 
was somewhat higher (177.8: 157.8) in years I to 4, but after the fifth 
year white children were attacked much more than the colored, (10 to 
19 years, whites 7, colored 4.8). Both Howard and Crum attribute the 
low morbidity rate of the negro largely to incompleteness of reporting. 

It is probable that the high mortality of colored children from 
whooping cough is a result of the associated pulmonary affections to 
which the negroes are so susceptible. Out of 1,000 deaths from this 
disease in the mortality experience of the Prudential Life Insurance 
Company, 62.7 per cent presented pulmonary complications, mainly 
pneumonia (Crum). 


MALARIA 


The natural immunity of the African negro to malaria has been 
discussed in scores of books and papers, but the matter has now been 
shown to be less simple than it formerly appeared. There seems to be 
quite adequate statistical proof of the conclusion thaf in several parts 
of Africa the death rate of whites from malaria has been several times 
that of the adult native population. The records of the U. S. Mortality 
Statistics, on the other hand, show that the negro death rate from 
malaria is several times that of the whites. In the Registration Area 
for 1921, for instance, it_was 21.9 per 100,000 for the colored, and 
1.9 for the white population. One obvious explanation of this circum- 
stance is the fact that negroes are abundant in some of the regions 
of the south which are the most severely infested with malaria. If, 
however, we attempt to avoid the fallacy of geographical distribution by 
comparing the malaria rates for the two races in individual states and 
cities, we find an almost uniformly higher rate for the colored popula- 
tion. This is clearly indicated in the subjoined table which shows that 
in individual states of the south the rate for the colored exceeds that 
of the whites both in rural districts and in cities. 
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TABLE 8 


Death Rate from Malaria per 100,000 Population White and Colored in 
Individual Southern States, 1921 


CITIES RURAL DISTRICTS TOTAL -y 

W Cc WwW Cc WwW Cc 
Florida 3-5 25.4 23.7 36.7 18.6 33.9 
Louisiana 4.4 17.6 22 308 20.5 28.0 
Mississippi 175 66.6 372 63.0 35-4 63.2 
North Carolina 28 14.1 4.6 12.5 4-4 12.7 
South Carolina 47 46.1 10.4 45.5 96 45.5 
Tennessee 9.2 41.9 11.0 25.3 10.7 30.3 


The experience of the U. S. Army during the Great War yielded 
further data on racial susceptibility to malaria. Craig states that “The 
experience of our Army in this respect is similar to that of other armies 
and demonstrates that there is no such thing as a true racial immunity 
to malarial infections.” One is scarcely justified, however, in alluding 
to the evidence as demonstrative. The white and colored troops were 
differently situated as to exposure to malaria both before and after their 
induction into the Army, so that the results are inconclusive either one 
way or the other. During the Civil War the number of deaths per 
1,000 in the armies of the North was 17.4 for the whites and 30.1 for 
the colored. 

The superior resistance of the native in the malarial districts of 
Africa has apparently been acquired largely through early infection. 
Koch found that most of the children in malarial districts harbored the 
plasmodia of this disease. The adult population that had not been 
killed off probably developed a partial immunity which protected them 
against the severe ravages of malaria which occur in unprotected races 
which come to live in the infested region. Even the American negroes 
who went to Liberia showed a marked susceptibility to malarial fevers. 
Whether in addition to the protection which the negro has acquired in 
his native habitat there is also a measure of real racial immunity, we are 
not, I think, in a position to decide. 

The case mortality of the negro is greater than that of the white 
although not more so than it is for many infectious diseases and may be 
accounted for in the same way. Doctor F. L. Hoffman(’18) has pointed 
out that in Mississippi, 1915-16, the morbidity rates for malaria were 
higher for the whites than for the colored. This held true for each of 
the twelve counties of the Yazoo Delta region of Mississippi in 1915-16 
and for each of the groups of counties for which data are cited, the 
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differences in most cases being very marked. In the majority of these 
counties on the other hand, the death rate from malaria was higher 
among the blacks. During the Civil War the admission rates for 
malaria were markedly higher for the colored troops than for the 
whites, but geographical causes may be responsible for this circumstance. 


ERYSIPELAS 


All of the available evidence indicates that the negro enjoys a 
marked natural immunity to erysipelas. The disease shows no especial 
preference for particular geographical regions. It is ubiquitous in its 
distribution. In whatever period or place adequate data have been 
collected they consistently show the same low mortality of the negro 
race. Taking as a fair sample the deaths in the Registration Area for 
1920 from 1920 to 1923 we have the following totals for a selected 
series of age groups: 


TABLE 9 


Deaths from Erysipelas in the White and Colored Population, Registration 
Area for 1920, (1920-1923) 


ALL AGES UNDERI UNDERS5 10-14 14-19 25-290 45-49 


White 9405 2072 3367 82 153 223 417 
Colored 306 126 143 II II 13 21 
Ratio W. to C. 23.75 23.59 23.67 7.45 13.91 17.16 19.86 
Ratio of deaths from 


all causes—W. to C. 7.78 6.52 6.51 5.75 387 ~» 4.25 5.91 


The fatalities in the white population are much greater than among 
the colored for all age groups. Erysipelas is extraordinarily fatal in 
infancy, and since it tends to be spread in insanitary surroundings we 
should expect to find it much more prevalent among the colored race. 
Taking deaths under one year in the white and colored population from 
1914 to 1923 inclusive we find a total of 7,498 whites and 248 colored, 
giving a ratio of 30.23 as compared with an expected ratio of 7.47 based 
on deaths from all causes. These data indicate that the proportion of 
deaths among the whites is relatively high in infancy and early child- 
hood. Then it becomes reduced for a span of several years and be- 
comes increased again in the more advanced age groups. There are 
few diseases in which a racial idiosyncrasy is more pronounced. One is 
naturally led to associate the negro’s immunity to erysipelas with his 
similar immunity to scarlet fever. The negro’s superior protection 
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against both of these diseases may depend upon a higher resistance to 
streptococci, which are held to be responsible for these maladies. 

The relatively low negro rate for erysipelas is shown in the earliest 
available statistics. In the census for 1870 there were 3,037 deaths 
among whites and 116 among negroes attributed to this cause. These 
give a ratio of 26.18 whites to I negro as compared with an expected 
ratio based on deaths from all causes of 6.33 whites to I negro. 


TETANUS 


Tetanus, like erysipelas, is commonly a wound infection, the um- 
bilicus being a frequent channel for the entrance of both infections in 
the early period of infancy. Both diseases might be expected to show 
a higher incidence among negroes, owing to the insanitary conditions 
which so frequently surround the negro infant. The high negro rate 
for tetanus may be plausibly explained as due entirely to these external 
factors. If so, this serves to point all the more strongly to the im- 
portance of the racial factor in the case of erysipelas. 


SYPHILIS 


Statistics on mortality from syphilis are admittedly far short of 
representing the real damage done by this disease. Deaths ascribed to 
syphilis are not numerous as compared with deaths from other causes. 
But if Osler was correct in his estimate,—and perhaps there was no 
one better qualified to judge,—syphilis would take the first rank among 
the fatal infections. All of the available evidence indicates that this 
disease is much more prevalent among the negroes than among the 
whites. According to some estimates over 50 per cent of the negro 
population is infected with it, but such opinions are not based on ade- 
quate data. One of the best indices of its relative prevalence in the two 
races is furnished by the examination of soldiers during the Great 
War. The admission rates were 12.63 per thousand for whites and 
64.99 for the colored. For the U. S. Army in Europe the rates were 
less (5.90 white; 16.66 colored), but for the U. S. Army in the United 
States there was not only a greater prevalence of this disease, but a 
higher proportion among the colored troops (17.66 whites; 111.09 col- 
ored). Deaths attributed to syphilis were nine times as numerous 
among the colored as among the white soldiers, (.02 white; .18 colored 
per 100,000). 

Valuable additional data are furnished by the statistics of the wage 
earners insured in the Metropolitan Life Insurance Company (1911 
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to 1920). Rates of mortality from syphilis were, white males, 16.4 
per 100,000; white females, 7.1; colored males, 46.1; colored females, 
25.7- For both sexes combined the death rate among the colored was 
about three times that of the whites. 

Dr. J. W. Williams in reporting on 4,000 obstetrical patients in the 
Johns Hopkins Hospital found 2.48 per cent syphilitic among the 
white women and 16.29 per cent among the colored. In the stillbirths 
he found that 12.1 per cent died of syphilis among white infants and 
45.2 per cent among the colored. There have been quite a number of 
studies of the relative prevalence of syphilis among the colored and 
white members of special groups such as the inmates of hospitals, 
asylums, prisons, etc., and their authors have made various estimates 
as to the extent to which syphilis is distributed in the two races in the 
general population. As these estimates are based on especially selected 
material we shall not consider them further. 

Aside from the fact that syphilis is more frequently neglected and 
allowed to pursue an unchecked course among the negroes there is no 
conclusive evidence that it is on the whole more severe upon the latter 
race. Some medical writers remark upon the severity of syphilis among 
the negroes and attribute it to racial idiosyncrasy, while others express 
quite the reverse opinion. Keyes, for instance, in a standard treatise 
states that “Negroes, although utterly careless about treatment, are rela- 
tively immune to syphilis and rarely exhibit parasyphilitic lesions.” 
There are, however, good, indications that the two races react somewhat 
differently to this disease. Manifestations of neuro-syphilis appear to 
be more common among the whites. I have added together the deaths 
of the whites and the colored for tabes dorsalis and general paresis 
as well as syphilis for the years 1920 to 1924 in the Registration Area 
for 1920. There were reported for tabes 7,592 deaths among the whites 
and 496 among the negroes giving a ratio of 15.31 whites to 1 negro. 
For general paresis there were reported 25,586 deaths among the whites 
and 3,174 among the negroes, giving a ratio of 8.06 whites to 1 negro. 
There were 23,206 deaths attributed to syphilis among the whites and 
11,996 among the negroes giving a ratio of 1.93 whites to 1 negro. 
The ratio of white to negro deaths from tabes was about three times 
as high as it was for all causes, and for general paresis somewhat higher 
than it was for all causes, while it was less than a third as high as for 
all causes in the case of deaths attributed to syphilis. The experience 
of the Metropolitan Life Insurance Company 1911 to 1916 gives some- 
what different results. The ratio of white to negro deaths for tabes is 
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greater than it is for all causes, namely 7.57 white to 1 colored instead 
of 4.51 white to 1 colored, but for general paresis it was 3.66 white to 
1 colored or somewhat greater relatively among the negroes. The latter 
difference may be due to differences in the relative proportion of cases 
assigned to general paresis and to syphilis in the two sets of returns. 
It is probably also due in part to the difference in age composition be- 
tween the insured group and the general population. Dr. Zimmerman (’21) 
who has made a comparative study of syphilis in negroes and whites 
states that the former manifest more severe osteo-arthritic and cardio- 
vascular symptoms, more polyadenitis and iritis, but less tabes and 
paresis than the whites. Thompson and Kingery(’19) find in agreement 
with Hazen that while syphilis may express itself in characteristic ways 
in negroes and whites there is “no difference in the course of the disease 
in the two races,” or in their response to treatment. Characteristic skin 
manifestations, however, have been described by a number of writers. 

Syphilis is undoubtedly the chief factor in the relatively high rate 
for stillbirths and abortions among the negroes, and is an important 
factor in early infant mortality. According to the mortality statistics 
of the Registration Area, 1914 to 1923, infant deaths from syphilis 
have been over three times as frequent among negroes as among whites. 
Owing to its rdle in the causation of abortion, and early infant mor- 
tality, to say nothing of its contributing greatly to the death rate in later 
years, syphilis is a powerful force in checking the natural increase of 
the negro population. This fact is due to social rather than biological 
causes and it may be remedied in time. The success of the two races 
in grappling with the problem of syphilis will have much to do with 
the outcome of the biological struggle for supremacy. 


TUBERCULOSIS 


Much has been written on tuberculosis in the negro. The course of 
tuberculosis among negroes before and after the Civil War has been 
treated at some length in the papers of Hoffman(’96) and Corson, to 
which the reader may be referred for fuller data on this phase of the 
subject. The native African tribes seem to have been relatively free 
from tuberculosis, but like many other peoples who have not been in 
contact with this disease they are particularly susceptible to its ravages 
when once it gains a foothold. This is certainly true of the natives of 
several parts of Africa today. And it proved to be true of the African 
troops recruited during the Great War. 

During the period of slavery the negro death rate from tuberculosis 
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was probably not high. There are very few statistical data on the 
subject and these relate mainly to cities where tuberculosis was doubtless 
much more common than in rural communities. In Charleston from 
1822 to 1848 the negro death rate was somewhat below that of the 
whites, although the white rate was very high. In Baltimore we have 
the death rates for negroes and whites for only one year before the 
Civil War, namely 1850, when the mortality rates for pulmonary tuber- 
culosis were calculated by Frick as 317 for the whites and 468 for the 
negroes. 

As opposed to these data on urban death rates we have a somewhat 
better index to the prevalence of tuberculosis furnished by the recruit- 
ing statistics collected during the Civil War, 1861-1865. These data 
were based on the examination of 315,620 whites and 25,828 colored 
recruits. Those rejected for tuberculosis amounted to 11.4 per thousand 
examined among the whites, and only 4.2 per thousand among the 
colored. Scrofula, however, (which is due to tuberculosis) was a little 
more prevalent among the colored recruits (2.8 per thousand white, 3.8 
per thousand colored). Further evidence of the relative rarity of 
tuberculosis in negroes before the Civil War is furnished by the testi- 
mony of several physicians having extensive experience among the col- 
ored population. Dr. Buckner, who examined over 1,600 recruits 
remarked that “Tuberculosis is very rare among them; and contrary 
to the generally received opinion in the slave states, they are now as far 
as my experience goes, no more subject to scrofulosis than other 
? people.” Corson states that “I have been assured by physicians who 
practiced among them before the war, and when their physical condi- 
tion was so much better than it now is, that consumption was almost 
unknown. The finding of any tubercular lesions in the lungs at an 
autopsy was always a surprise.” 

While the colored recruits during the war showed a relatively low 
rate for tuberculosis, the disease rapidly spread among them and soon 
caused a death rate far in excess of that of the white soldiers. Among 
the white soldiers the average annual case rate for consumption (1861- 
1865) was 6.06, and the death-rate 2.18 per thousand. Among the col- 
ored troops the corresponding rates were (1862-1865) 7.26 and 6.31. 
Death-rates per thousand for respiratory diseases among white and 
colored troops were 7.40 and 32.35 respectively. These facts seem to 
indicate that the negro was unusually susceptible to pulmonary diseases 
when once brought into intimate contact with them. Doubtless the living 
conditions of the negro soldiers were not so favorable as those of the 
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whites, as is indicated by their higher death-rates from most other dis- 
eases, the mean annual death-rate for the whites being 53.48 and that 
of the colored 143.40. Dr. Hunt in his valuable report on “The Negro 
as a Soldier” expresses the opinion that “While it must be admitted that 
temporary causes had much to do with the frequency of lung diseases 
among the negroes, it will still be found that they are vastly more 
liable to this source of mortality than the whites. . . . It was found 
that when fairly enlisted, clothed and fed, and subjected to the same 
methods of life as the white soldier he still exhibited a far greater ratio 
of deaths from pulmonary disease.” Corson states that, “to the phy- 
sician treating the disease among the colored, its great fatality is but 
too apparent. I can hardly recall a case where I have stayed it and they 
died without the slightest response to treatment and in a very short 
time.” The proneness of the negro to succumb quickly to tuberculosis 
has been frequently commented on. Unfortunately it has not been 
possible to obtain data on the tuberculosis death-rate of negroes and 
whites living under the same environmental conditions. Even in the 
army such differences cannot be entirely eliminated, since the factors 
of poor education and insanitary habits are always operative, to a 
greater or less extent. The serious ravages of tuberculosis among 
the negroes following the Civil War are doubtless to be attributed to a 
large extent to the wretched housing and insanitary environment under 
which so many of the negroes were compelled to live. Crowded into 
small cabins, frequently with nothing but dirt floors, insufficiently clad 
and fed, often infected with malaria and syphilis, the negroes were ex- 
posed to almost ideal conditions for the spread of pulmonary diseases. 
Their death-rate from tuberculosis for the first three or four decades 
after emancipation came to be about three times as great as that of the 
whites. Data are not available for tracing the course of their tuber- 
culosis death-rate during this period in any large part of the United 
States, so we must rely upon the statistics of a few cities which kept 
fairly adequate records. 

Perhaps the most valuable records of the course of tuberculosis in 
the two races are those furnished by Howard(’24) from the vital statistics 
of Baltimore. In this city separate tabulations of deaths in the two 
races have been kept from 1875 to the present time. These official records 
have been modified by Howard by adding to the deaths recorded for 
Baltimore those inhabitants who died in Sanatoria outside the city. 
As thus corrected the deaths of the white and colored population of 
Baltimore are given in the following table. A more extended table 
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TABLE 10 


s Death Rates per 100,000 White and Colored Population of Baltimore, Md., 1876-1920 
PULMONARY TUBERCULOSIS 


Years White Colored Years White Colored 
1876-80 299 633 1901-05 189 488 
1881-85 279 667 1906-10 179 498 
1886-90 237 552 IQII-15 148 444 
1891-95 199 485 129 
1896-00 174 440 1916-20 150° 406 
ALL FORMS OF TUBERCULOSIS 

Years White Colored Years White Colored 
1901-05 215 559 IQII-I5 173 529 
1906-10 203 562 150 

1916-20 172" 487 


1 Inclusive of five years average of pulmonary deaths in sanatoria. 


giving death-rates of the white and colored of both sexes year by year 
is given in Howard’s report (page 381) as well as other tables for 
particular age groups of whites and colored, male and female. 

We do not have reliable data on death-rates for large areas in the 
United States previous to the census year of 1890. The data after 
this period give an indication of the changes in mortality from tuber- 
culosis in the white and colored population of the Registration Area. 
They are presented in the following tables. 

Since 1911 the United States Mortality statistics have given the 
annual death-rates of the white and colored population of a number of 
states and cities. These data, which are given in tables 11 and 12, 
afforded a fairly adequate picture of the trend of mortality from tuber- 
culosis during recent years. 

All the preceding data clearly show a decline in the death-rate from 
tuberculosis for both whites and blacks, but our knowledge of the early 
part of this decline is quite indefinite. The death-rates for whites from 
this disease began to decline before the Civil War. The tuberculosis 
death-rate of the colored population increased after the war and then 
declined, but when the highest death-rate occurred is uncertain. The 
Baltimore statistics show the death-rate among negroes increased from 
1875 to 1883 when it reached its highest point. For the whites the 
highest rate after the Civil War (318) occurred in 1876, after which 
there was an irregular but slow decline. In general, the death curves 
of the two races take the same course but the decline in the whites is 
more rapid until about 1900 when there is a rise for a few years fol- 
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lowed by a decline after 1906; after 1909 the mortality began to 
decline also in the blacks. Up to the year of the great influenza epi- 
demic the tuberculosis rate of the negro had made little improvement 
in 25 years. During the decade between 1900 and 1910 its general 
course was rather upward than downward. 

The trend of the tuberculosis death-rate of the two races in the 
District of Columbia is similar to that in Baltimore. The highest rate 
(7.05) was for the period 1885-1889, after which there was a fall 
followed by a period of about 15 years with relatively little change; 
this was succeeded by a relatively rapid decline which has charac- 
terized the tuberculosis death-rate in most localities during the past few 
years. The general course of the tuberculosis death-rate given in tables 
11 and 12 shows that the decline since 1900 has been very uneven. 
There are consistently relatively low rates since 1918 or 1919. This 
may be due in part to the influence of the great epidemic of influenza 
in carrying off many ailing persons who would otherwise have died 
of tuberculosis somewhat later. In part it is probably due to the same 
causes,—whatever they are,—which were responsible for the previous 
decline. 

Significant differences in the age distribution from deaths from 
tuberculosis are shown by the white and colored races. Even in the 
first year of life the rate is higher among the colored as is shown in 
table 13 and our data compiled in table 25. The relatively lower negro 
rates from tuberculous meningitis and abdominal tuberculosis should 
not be taken too seriously. The percentage of error in the diagnosis of 
tuberculous meningitis as shown by the investigation of the Census 
Bureau in I9I1I was over 20 per cent; and it is probably higher for 
negroes, especially in the first year of life. The data on abdominal 
tuberculosis are based on relatively few cases (147) of negro deaths 
and comprise many cases which would probably be classed differently 
by different physicians. 

The ratio of negro to white deaths rises until the period of adoles- 
cence when it reaches its maximum, but it continues to be relatively 
high even in old age. Among men of the ages of military service the 
tuberculosis rate of the negro is relatively high. The recruiting statistics 
gathered during the late war showed, in striking contrast to those of the 
Civil War, that the rate of admissions to sick report for tuberculosis 
of the lungs was over two and one-half times as high among the negroes 
as among the whites. “This,” say Love and Davenport(’19), “is a little 
greater difference than the average of the past ten years when the 
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1926 


TABLE 11 
Death Rates from Tuberculosis (all forms) per 100,000 Population White and 
Colored in Several States, 1911-1926 
VA. TENN. MD. KY. N.C. S.C. FLA. LA. MISS. 
151.3 106.7 1824 
438.0 483.1 380.3 


149.2 1789 166.4 
385.7 439.8 363.2 
146.1 172.7 168.0 
408.0 424.7 331.7 
154.1 174.6 181.7 
410.5 4808 366.1 


1426 168.2 152.3 
402.1 485.7 379.0 


148.6 163.7 101.5 
420.8 467.4 249.4 
1508 1662 94.2 
413.6 486.1 236.4 


163.1 160.3 947 
423.4 466.0 2388 


129.4 143.1 86.0 
344.2 367.8 205.9 
110.4 1303 828 
326.6 3638 104.2 
102.1 109.9 69.3 
gor.8 331.1 187.4 
I0OI1.r 115.6 71.0 
275.7 . 176.2 


91.7 72.0 
292.8 Y 163.7 


91.0 69.2 
275.8 179.2 


87.0 68.3 
293-7 - 173-3 


86.3 64.1 
259.6 7 179.4 


1921 1922 1923 1924 10925 


1920 


I9I9 
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TABLE 13 


Death Rates According to Age per 100,000 Population of White and Colored from 
Tuberculosis in the Registration States of 1920 from 1920 to 1923 


1920 1921 1922 1923 

W Cc WwW Cc WwW Cc WwW Cc 

All ages—Adjusted 96.2 263.0 82.3 242.5 81.1 237.4 79.4 231.5 
All ages—Crude 909.5 263.5 85.3 243.2 84.1 238.2 82.4 232.2 
Under 1 yr. 103.4 195.1 92.2 180.7 85.5 1728 77.0 1746 
1-4 yrs. 40.6 92.1 323 864 314 897 31.2 904 
Under 5 §2.7 112.7 43.8 105.3 41.7 106.3 30.8 1144 
5-9 14.9 57.1 12.7 44.0 10.9 638.3 11.3 40.6 
10-14 19.0 93.6 16.2 82.4 14.3 71.7 13.6 71.3 
15-19 78.2 310.0 67.4 290.2 67.9 270.7 67.5 270.6 
20-24 138.8 493.2 120.7 453.8 118.3 443.7 118.2 417.4 
25-34 145.0 409.9 119.9 395.0 120.1 388.1 114.8 382.5 
35-44 133.8 314.8 112.9 281.9 109.8 288.4 108.1 272.6 
45-54 125.0 2609.9 108.9 248.5 107.1 235.1 104.6 227.4 
55-64 134.3 264.4 121.7 2444 1189 2508 116.3 248.0 
65-74 155.9 282.3 141.2 228.2 149.4 258.3 149.8 2009.1 
75 145-4 233-3 127.7 234.5 1290.0 215.7 133.0 1047 


colored have about two times the admission rate of white troops. In 
tuberculosis of other organs the rate for the colored troops is twice that 
for the whites.” In speaking of tuberculosis among adolescent negroes 
insured by the Metropolitan Life Insurance Company Dr. Dublin re- 
marks, “The disease is a veritable scourge among young negroes. At 
the ages between ten and fourteen years the tuberculosis death-rate 
among colored boys is eleven times as high as it is among white boys of 
the same ages. Colored girls of the same age period show a tuberculosis 
rate eight times greater than that of the white girls. Tuberculosis is 
preéminently a disease of young people but it is especially among col- 
ored people. In fact, the great excess of tuberculosis mortality among 
negroes is almost entirely limited to the early years of life. After age 
35, there is not much difference in the effect of the disease in the two 
races. The disease runs a more rapid course among negroes, perhaps, 
because the power of resistance to the disease is much lower among these 
people than among the whites. More than five years could be added 
to the life span of colored people if tuberculosis were brought under 
control.” 
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In attempting to understand the reasons for the distinctive charac- 
teristics of the negro death-rate from tuberculosis we must consider a 
number of factors. The greater prevalence of malaria among negroes 
is a predisposing cause of only minor importance. Of greater influence 
is the effect of syphilis, which is much more prevalent among negroes 
than among whites. The extent to which tuberculosis is aggravated by 
this disease cannot be measured but it is undoubtedly very considerable. 
Then, there is the effect of ignorance, bad housing, overcrowding, im- 
providence, and the various other environmental factors about which 
so much has been written. Properly to evaluate the influence of these 
factors as compared with the effect of a hereditary diathesis is a difficult 
problem which still shows little prospect of speedy solution. The ex- 
tensive controversial literature on the subject has at least brought out 
the fact that the field is full of pitfalls and that it is very dangerous 
to take statistical evidence at its face value. It has been abundantly 
proven that tuberculosis runs in families, but this, as has often been 
urged, might be due to infection instead of heredity. The attempt of 
Pearson to meet this objection by showing that there is little correlation 
for tuberculosis between husband and wife where chances for infection 
are abundant, is met by the argument that tuberculosis is usually 
acquired in childhood, when in fact the great majority of individuals 
become more or less infected. Children commonly harbor the germs of 
tuberculosis until near or after the period of adolescence when the disease 
may develop in acute form. But on the other hand, it may be said, that 
if most people become infected early in life, whether they come of 
tuberculous parents or not, and if children of tuberculous parents most 
frequently show the disease, it indicates that the deciding factor is to be 
sought in the constitution of the individual. While the proponent of 
the tuberculous diathesis may plausibly justify his interpretation of the 
fact by employing this argument, we should not lose sight of the possible 
influence of repeated and mass infections which are now known to be 
of great importance in many infectious diseases. In several families 
studied by Pearl there was a larger number of tuberculous children in 
tuberculous families where there was close contact with the diseased 
individual than in tubercular families in which the contact was less 
close. Slater in a study of 1,654 school children in a rural community 
in Minnesota finds that among children who had been exposed to tuber- 
culosis 81 per cent gave a positive tuberculin reaction; of the children 
who were unexposed only 5.3 per cent gave a positive reaction, while 
for cases of doubtful exposure the percentage of positive reactions was 
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8.6. All that we are justified in asserting at the present time is, I believe, 
that the direct evidence in favor of the heredity of a tubercular diathesis 
is plausible, but not rigidly demonstrated. The presumption in favor 
of such an inheritance is considerably strengthened by the fact that in 
animals it is possible to show, as Wright and Lewis have done in guinea 
pigs, that different strains have varying degrees of resistance to tuber- 
cular infection. A geneticist familiar with inherited differences in re- 
action to diseases manifested by races of animals is naturally disposed 
to look for similar phenomena in human beings. Doubtless much can 
be learned from the little cultivated field of experimental epidemiology 
in animals. 

The study of epidemics among different races of man appears to 
yield evidence of the réle of hereditary racial factors. But there are 
pitfalls. We read of a relatively mild disease such as measles proving 
a fatal scourge among the Polynesians and we conclude that these natives 
do not enjoy the same immunity to this disease as the whites. But so 
competent an epidemiologist as Dr. V. C. Vaughan is not convinced that 
we would fare any better if we lived like the native Polynesians and 
were suddenly struck by a strange epidemic which left few well people 
to look after the sick. It is usually difficult to separate social factors 
from others with which they are associated and in no case more so than 
in the colored population living in our midst. Many writers speak 
naively of the two races in a given area being exposed to the same 
environment regardless of the fact that food, clothing, housing, and 
exposure to various epidemics may differ as greatly as the most whole- 
some residence on Fifth Avenue differs from the most crowded tene- 
ment in Harlem. The statistician may some time measure and evaluate 
the chief environmental factors which contribute to the differential 
death-rate. Frequently this task is regarded as much easier than it 
really is. In studying the influence of poverty on the death-rate from 
tuberculosis we might compare the relation of this death-rate with 
wages. But finding, as in fact we do, that the death-rate from tuber- 
culosis goes up as income goes down does not prove that the small 
income is responsible for the increase of tuberculosis. Both may be due 
to ignorance and incompetence and we should bear in mind also that 
persons, because they are tuberculous are unable to earn as much wages 
as those who are healthy. 

Where improvement in conditions in life is promptly accompanied 
by a reduced death-rate from a given malady the environmentalist has a 
very plausible case. I think that few would deny that improved hygiene 
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and sanitation have been factors in the reduction of the death-rate from 
tuberculosis, although Pearson and his followers may be right in their 
contention that the race is becoming, for some reason, less susceptible, 
to this disease. I cannot, however, see much force in Pearson’s argu- 
ments based on the trend of the tuberculosis death-rate. Nor is there 
anything in the course of the tuberculosis death rate in the negro which 
affords more than presumptive evidence toward the solution of our 
problem. The negroes were unusually susceptible to tuberculosis when 
the disease was first well introduced among them as is indicated by their 
high death-rate and the rapid course of the disease when once contracted. 
Probably a large part of the decline in their death-rate is due to a gradu- 
ally acquired immunity. Their improvement seems too rapid to be 
attributed to the ordinary operation of natural selection, Racial im- 
munities to infectious diseases are probably built up chiefly by other 
methods such as the gradual immunization of individuals through min- 
imal infections, aided in many cases by the transmission of antibodies 
through the placenta. By the latter method young children may derive 
a temporary immunity to some of the common infections early in life, 
and if in the meantime they become inoculated with very small doses of 
infectious material they may acquire a lasting protection. That chil- 
dren become gradually immunized to tuberculosis is indicated by the 
observations and experiments of Calmette on animals and human 
beings. To build up an immunity by the method described would prob- 
ably not require more than a few generations and the colored race has 
certainly been exposed long enough to tuberculosis to profit by its 
contact. In fact, Dr. Bushnell(’20) thinks that the negroes were “tuber- 
culinized” almost as much as the whites at the time of the Civil War, 
but this seems hardly probable in the light of the general course of the 
tuberculosis death-rate. 

There have been few studies on the racial incidence of tuberculosis 
in which environmental factors have been excluded. Cunningham(’94) 
has found that negro convicts living under the same conditions and 
especially selected on the basis of sound physique showed much higher 
disease rates for pneumonia and tuberculosis than the whites. They 
were also inferior to the whites in chest development. Carter(’26a) found 
in comparing 5,000 white and 1,700 colored patients living in sanitoria 
under the same conditions that the whites improved much more than the 
negroes and that the mulattoes improved more than the blacks. He also 
observed that light colored mulattoes were more resistant to tuber- 
culosis than the darker ones. These data on the mulattoes run counter 
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to a widely prevalent opinion among physicians as to the general weak- 
ness and high tuberculosis rate of the mulattoes as compared with pure 
whites or negroes. Grandy(’20) in studying 967 white and 822 colored 
children of Norfolk, Va., found that the colored children are heavier for 
their height and have a better posture than the white children and show 
in general good physical development, but they have a high rate for 
tuberculosis “due to a racial lack of resistance.” Their living conditions, 
as Grandy points out, are “certainly no worse than those of some of our 
foreign born Jewish citizens who apparently show the greatest resist- 
ance to tuberculosis.” i 

As Dublin and Baker have shown in their study of the mortality 
of foreign race stocks of Pennsylvania and New York, there are great 
differences in the death-rates from tuberculosis among peoples living 
in congested areas of our cities where the conditions are apparently 
the most favorable for the spread of tuberculous infection. The Jews, 
for instance, show relatively little tuberculosis in crowded urban districts 
which would cause a high death-rate among the negroes. 

In the light of such facts it is difficult to escape the conviction that 
hereditary racial factors play a prominent part in the differential death- 
rate from this disease. This conviction does not rest upon demonstrative 
evidence, but it constitutes, I believe, the best judgment which can be 
made in the light of the various facts at our disposal. It is rendered 
probable a priori by what is known of the influence of racial factors in 
animals and plants, and more specifically by the differences in suscep- 
tibility of races of guinea pigs to tuberculous infection. We do not 
know to what extent differences in the process of immunization through 
minimal infections are responsible for the different ways in which the 
white and negro races react to tuberculosis. The problem is a peculiarly 
baffling one at present, but it can be solved if proper survey studies 
are carried on for a number of years on a sufficiently extensive scale 
with an ever watchful eye upon several matters which present alter- 
native possibilities of interpretation. 


(To be concluded) 
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A STUDY OF LIKE-SEXED TWINS 


I. THE VITAL STATISTICS AND FAMILIAL DATA 
OF THE SAMPLE 


BY PAUL THOMAS WILSON AND HAROLD ELLIS JONES 
Institute of Child Welfare, University of California 





A. INTRODUCTION 


Genetic research with twins has been marked by an increasing use 
of quantitative methods. Thorndike’s correlational studies, 1905 (20) 
presented an advance over the earlier anecdotal approach of Galton, 
1883 (4). The recognition of identical twins, previously a matter of 
subjective estimate, was placed on a systematic basis by Siemens (16), 
who formulated (1925) a series of criteria and proposed the use of 
mathematical probability in connection with the duplication of heritable 
traits in dizygotic pairs. In the field of anthropometric measurement, 
Dahlberg’s methods in the collection and treatment of data, 1926 (1) 
are worthy of note from the standpoint of attention to reliability. The 
method of the “individual pair difference coefficient,” as applied by 
Merriman, 1924 (10) to identical and fraternal pairs; the experimental 
method of “co-twin control,” as described by Gesell, 1922 (5) and the 
more elaborate formulae for statistical analysis developed by Holzinger, 
1929 (6), have offered promise of substantial results in the analysis of 
hereditary variables influencing development; it is, however, manifest 
that such results are contingent upon the procuring of large samples, 
and their ultimate scope and significance would seem also to depend 
upon the thoroughness with which cumulative or “longitudinal” records 
are obtained. 

In January, 1928, a survey was undertaken by the Institute of Child 
Welfare of the University of California,’ with the purpose of establish- 
ing a representatively large sample of twins in the metropolitan district 
on the east shore of San Francisco Bay. 


* Acknowledgments are due Prof. S. J. Holmes of the Zoology Dept., Uni- 
versity of California, for the helpful suggestions and criticisms he gave during the 
earlier part of the investigation. 
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The present paper attempts to present a general account of the twin 
sample. This is designed as preliminary to a series of reports on the 
resemblance of twins in specific traits. 


B. METHOD OF LOCATING TWINS 


The school departments of Berkeley, Oakland, Richmond, and Ala- 
meda codperated in the work of securing the names and addresses of 
twins.? In the first three cities, printed question sheets were distributed 
to every classroom teacher, who was asked to fill in the names, addresses, 
and sex of the twins in her room, including those pairs in which one 
member had died. At the same time she was requested to ask the chil- 
dren for identification data concerning any other twins of preschool or 
adult age. 

In Alameda a somewhat different procedure was followed. This 
city keeps a complete record, by family, of all the children of school 
age within its limits. From this central file it was a simple matter to 
assemble the desired information concerning twins and their siblings. 

The sample of preschool twins was also supplemented by searching 
the county birth records and the city directories, for evidence of plural 
births. A small number of additional pairs was secured by chance 
contacts or through letters to the Institute. 


Cc. THE SCHOOL TWINS 


Although we attempted to locate every twin within the given school 
population, it is probable that some pairs were missed. The school 
systems are large, and the methods of circulating and collecting the 
questionnaires necessarily complex, so that a rechecking of the results 
could not be made without an unreasonable expenditure of time. How- 
ever, there are several possible checks on the completeness of our survey. 


1. The number of twins in the Institute sample compared with the 
number in the general population 
In the four cities investigated, the school enrollment, from kinder- 
garten through high school, was 75,013. According to the California 
birth records for the years 1919 through 1924, 2.12 per cent of the 
children born were twins (1.06 per cent of the deliveries were twin 
deliveries; the similar figure for the entire registration area of the 


* Particular acknowledgments are due to Dr. Virgil Dickson, Dr. R. E. Rutledge, 
Mr. W. T. Helms, and Mr. William G. Paden for their advice and active assistance 
in this connection. 
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United States being 1.16 per cent (26).* If the death rate of twins 
were the same as for the single born, we would expect these percentages 
to hold constant, and in our school population of approximately 75,000 
we should therefore find about 1,600 individual twins. It is well known, 
however, that during infancy and the preschool period, the death rate 
for twins is considerably higher than for the single born. Wester- 
gaarde (23), using records of English insurance companies, gives data 
on the death rates of twins that suggest the amount of this difference. 
He found that at five years of age two-thirds of the female twins were 
living as compared with seven-eighths of the female single births; only 
one-half of the male twins were living as compared with five-sixths of 
the male single births. If his ratios are applied we would expect about 
1,150 twins in our available school population. The actual number 
obtained (1,051) was fairly close to this figure. 
















TABLE 1 
Number and Sex of all the School Twins" Identified 











SEX 
MALE FEMALE MIXED uyewnown TOTAL 
Individual twins with 
both members living 260 364 318 vee 942 
Twins with one member 
of pair deceased * 25 38 s3° 13 109 








1,051 





13 





Totals 








1 One set of triplets (girl-boy-boy) was also found. 
2Sex of deceased member not given; in six cases the living member was male and in 


seven cases female. 
®* The data of this category are limited to Oakland, Berkeley, and Richmond. If this 


information had been obtainable for Alameda about 20 additional cases might have been found. 
* Of the mixed pairs the surviving member was male in 11 cases and female in 22 cases. 


2. Sex Ratios 


Another check on the representativeness of our sample can be made 
by studying the sex ratio of the pairs. In Table 2 are tabulated the 
number and sex of the pairs in samples studied by other investigators. 
Merriman (10) and Lauterbach (9) believed they had a complete 
census of all pairs of twins in the given school populations. Wing- 
field’s (24) sample was “selected at random from the public schools 
of Toronto and Hamilton.” Dahlberg (1) and Verschuer (21) ob- 
tained their material from several sources, but do not discuss the possi- 

















* These include cases in which one member of the pair was a stillbirth. 
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bility of selection on the basis of sex or intra-pair similarity. New- 
man (12) studied 100 pairs of like sexed twins; the first 95 cases of 
which were “taken as they came” and had a sex ratio of approximately 
50:50. The outstanding feature in all the samples (with the exception 
of Newman’s small group) is the high percentage of female pairs. 


TABLE 2 
The Sex Distribution of Twins: A Comparative Table 


NUMBERS PERCENTAGES 


$e 22 $&@ Total $¢ 22 82 

Merriman 70 41 35 
Lauterbach 71 63 37 30 
Dahlberg 44 22 
Wingfield 25 
Verschuer 28 45 
Total* 40 30 
Institute Sample 39 33 





1 Five investigations only. 


In the Oakland schools at the time this survey was made slightly 
more than one-half of the enrollment were males ; the ratio being highest 
in the senior high school.* Among twins at birth the ratio of living 
males to females is about equal. In California, 1919 through 1924, the 
ratio was 1,005 males to 1,000 females. Knibbs (8) gives 1,037 to 1,000 
in Germany, 1906-1913 (the ratio in single born was 1,055 males to 
1,000 females). These figures included all deliveries in which one 
child at least was born alive. As stillbirths are more prevalent among 
males the proportion of live males among twins is even lower. Refer- 
ring again to Westergaarde, we find that at the end of five years about 
50 out of 100 male twins are alive, while there are 66 out of 100 females 
living. In other words, of 116 individual twins still living at the age of 
five 43 per cent will be male and 57 per cent female. When we assemble 
all cases located in our school sample (Table 1), we find that there are 
461 males and 590 females: a ratio of 44 to 56 or almost exactly that 
found by Westergaarde in his 1891 English twin population. 

In this connection, the data on pairs with one member deceased are 


*The proportions (on September 2, 1927) were as follows: Kindergarten, 
50.129% males; Elementary (including some 7th and 8th grade pupils), 50.328% 
males; Junior High, 50.410% males; Senior High, 52.439% males. 
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of some significance (Table 1). Of the 33 male-female pairs located, 
the male had survived in 11 cases as compared with 22 cases in which 
the female had survived; and where the sex of the deceased member 
was unreported, the survivor was male in six cases and female in seven. 

The marked drop in the proportion of male school twins can ap- 
parently be accounted for only in terms of a differential death rate. 


3. Institute Sample Compared with Merriman’s 


In 1923 Merriman reported a study of the twins in the elementary 
schools of Oakland. Describing his procedure he says, “Every possible 
effort was made to secure data upon every twin pair in a school popu- 
lation . . . . It is believed, therefore, that factors which could have 
produced a systematic tendency to overlook cases which were not in the 
same grade or which did not resemble, were pretty completely elim- 
inated.” These same schools were included in our survey made some 
six years afterward. In Table 3 are given the number and sex of the 
pairs of his sample and the same for the pairs we found in the Oakland 
Elementary schools (including Junior High). 


TABLE 3 
Oakland Elementary School Twins in Twin Samples 
NUMBER OF PAIRS FOUND RATIO (IN PER CENT) 


SOURCE $$ 22 $82 Total $s 2° $2 


Merriman 49 24.4 408 348 
Institute Survey* 85 93 33-5 366 29.9 


1One set of triplets (girl-boy-boy) not included. 


The difference between the total number of pairs may be explained by 
the increase in school enrollment during the intervening years. Among 
the boy-boy pairs, Merriman’s percentage is slightly lower than is 
usually found. 


4. Pre-school and Adult Twins 


In Table 4 is given a tabulation of the numbers and sex of twin 
pairs of adult and of preschool age. Since these cases were obtained 
as an incidental part of the school survey through the reports of 
acquaintances rather than through a direct canvass, no claims can be 
made concerning their representativeness. The low proportion of un- 
like-sexed pairs in both groups is probably an example of the tendency 
for twins of this type to be overlooked. In addition to the 259 pairs 
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listed in Table 4, 103 pairs were reported in which the sex of only one 
member was given. It is possible that if these were more fully traced, 
the proportion of mixed pairs would rise. 


TABLE 4 
Number and Sex of Pre-school and Adult Twin Pairs 
NUMBERS PERCENTAGES 


$$ 22 $s? Total $é¢ 22 82 


Pre-school Twins 41 48 26 115 35 42 23 
Adult Twins 49 62 33 144 34 43 23 


C. INTERVIEW PROCEDURE 


In order to make the sample as homogeneous as possible by mini- 
mizing sex, language, and race differences, it was planned to limit the 
first survey sample to like-sexed twins of school and preschool age, and 
to twins both of whose parents were of the white race and born in the 
United States or in Northern Europe. 

Before any extensive study could be made of the twins, the consent 
of the parents had to be obtained. Therefore the next step after the 
identification of the sample was an interview with a parent or guardian 
(usually the mother) in each family. Another function of the interview 
was the accumulation of certain familial and developmental data. 

Prior to an interview the following steps were taken: 

1. The school identification data were used for the purpose of 
sorting the families into districts which could be reached conveniently 
during a single day of field work. 

2. An introductory letter was sent to the mother: 


(Name of mother) 


As a part of our research on factors influencing child growth and 
development, the Institute of Child Welfare of the University of 
California is planning a special study of twins. Parents and other 
relatives of twins have been deeply interested in this inquiry, and have 
given us information of great value concerning the problems on which 
we are working. 

A member of the Institute staff will call on you in the near future 
in order to explain the purposes of our study and to solicit your 
coéperation in this work. 

Very truly yours, 


3. If the home had a telephone the mother was called within a day 
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or two after she received this letter, and an appointment was made. The 
telephone call was made usually between five and seven in the evening. 
Six appointments represented about the maximum for one day’s work, 
the time for each interview varying between thirty and ninety minutes. 
The average time was somewhat reduced as the worker gained skill in 
the interviewing. 

The interviewers (Paul T. Wilson, Maye P. Mudge, and Virginia 
Currie) were supplied with the following typewritten instruction blank: 


In entering the home the worker attempts to maintain an informal manner; 
there is no display of a brief case nor of papers which would suggest a salesman 
or a census taker. The preliminary discussion of the worker’s project is kept as 
informal as possible and is, of course, adapted to the mental level and the interests 
of the mother who is interviewed. The following items are usually covered: 

“The Institute is making a study of the development of children, their 
rate of growth, their illnesses; factors which aid or hamper their develop- 
ment. In this study twins are known to be of the greatest scientific interest. 
Some twins are very much alike, others very different, both in appearance 
and disposition, although the two children may have always lived together 
and received practically the same care. One of the things we wish to study 
is the origin of these physical and mental differences in twins who have 
always been given about the same environment. The first step in such a 
study is to talk with the mothers because they know more about the children 
than anyone else.” 

At an appropriate time during the introductory conversation, an interview record 
form (consisting of a four page booklet) is brought out and its purpose explained 
as a convenient way of keeping track of the information secured. 

The mother frequently will show a tendency to speak of the twins as a unit, 
“They have always been very healthy children!” Early in the interview it is 
explained that we are particularly interested in the comparison of the character- 
istics of the two children. Often it is best to ask specifically if there is any differ- 
ence between the two in a given trait, but the interviewer must remember that under 
these conditions the mother may invent or exaggerate differences. Care must be 
taken to obtain the mother’s true opinions, free from dramatizing or conversational 
forcing. 


It should be pointed out that the interview procedure was merely 
preliminary to a later direct study of the twins. Since most of the 
interview data depended upon the mother’s memory, it was not expected 
that it could be free from inaccuracies. Where the information desired 
is quite objective, such as “age of mother at birth of twins,” the prob- 
ability of error is of little significance. However, if the questions con- 
cern “efficiency in school work” or “tendency to headaches,” the possi- 
bility of error is obviously greatly increased. One of the leading 
difficulties is to obtain data which are comparable, without disturbance 
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from variables associated with the mother’s degree of codperation, the 
time of the visit, or the mood of the interviewer. Notwithstanding 
these sources of error, the interview method offers possibilities of 
securing certain very valuable information which can be obtained in no 
other way. All information concerning the family history and the past 
development of the twins is of this kind. In addition, because of the 
intimate contact between the mother and children, much data of a sug- 
gestive and supplementary nature can be secured concerning character- 
istics which may later be measured objectively. 

In the face of the difficulties of securing reliable data, every effort 
was made to standardize the interview as much as possible and still 
meet the needs of the moment. The questions were made definite with 
the idea of securing categorical answers. A detailed instruction blank 
was provided, indicating the procedure for each of a total of approxi- 
mately 100 items which were to be covered in the interview. It was so 
arranged that the information could be recorded with a minimum of 
writing by using numbers and symbols to indicate degree of similarity 
or difference in a trait. The three workers, by conference and use of 
the same instruction sheet, made every effort to maintain equivalent 
methods. 

The highly codperative attitude of the parents, and their readiness to 
talk about their children, proved to be a great aid in the satisfactory 
completion of the survey. The writers take this opportunity of acknowl- 
edging the interest and assistance of the 212 mothers who codperated in 
the study. 

The validity of all information pertaining to a comparison of iden- 
tical and fraternal twins is based upon the assumption that these are two 
distinct classes and that they can be distinguished by the use of standard 
procedures. The leading workers in this problem agree that a skilful, 
experienced investigator can readily distinguish the two types in a great 
majority of the cases. Siemens (17) believes that “certain diagnosis is 
possible in virtually every case of twinning.” Newman (12), in one of 
the latest papers on the problem, says “at the beginning it may be said 
that in over 90 per cent of our cases there was at no time any doubt as 
to these classifications.” In a study of 102 same-sexed twins “there was 
justifiable doubt in about only six cases.” 

His criteria, which are very similar to those used by Siemens and 
Dahlberg, are as follows: 

1. They must be strikingly similar in general appearance including various in- 

tangible resemblances. 








id 


in- 


A STUDY OF LIKE-SEXED TWINS 115 


2. They must be essentially identical in hair color, texture and form. 

3. They must have the same shade of eye color and form of iris. 

4. They must have the same skin color and texture (complexion) except when 
one is more tanned than the other. 

5. They must have no marked differences in features; shape of ears; shape, 
size and arrangement of teeth. 

6. They must have hands of the same type and nearly equal in size. 

7. The general microscopic character of the papillary ridges in fingers and palms 
must be essentially the same. 

8. There must be stronger cross resemblance than internal resemblance in one 
or more of the details of finger and palm patterns. 

9. The presence of reversed asymmetry in handedness or hair whorl in one twin 
is confirmatory evidence of monozygosity, but its occasional presence iu 
unlike twins is not to be taken as an indication of monozygosity. 


The first five criteria are perhaps the only ones that can be satis- 
factorily used when the data are obtained in an interview. It seemed 
desirable to make the classification of identical and fraternal at the 
beginning of the interview, before the worker could be prejudiced by 
subsequent information concerning personality traits, disease records, etc. 
In this connection, however, it is possible to set up an additional cri- 
terion not mentioned by previous investigators; namely, developmental 
correspondence. An illustration of the use of this criterion may be 
given from the data on hair color; after the mother was questioned 
about hair color she was asked if the reported similarity or difference 
had been constant since birth. In several cases two children having 
much the same colored hair at the time of the interview, had at a pre- 
ceding stage in development differed greatly from each other in hair 
color. This, of course, was considered confirmatory evidence of 
dizygosity. 

There were some cases (21 of the total 212) in which the worker 
was in doubt as to the proper classification. These were marked “Un- 
determined” and have been considered as a separate group. By doing 
this the other classifications were made more reliable. However, there 
is at the same time the possibility that the removal of these borderline 
cases may make the two groups more dissimilar than they really are. 
This point will be discussed later when the data are compared. 


E. DATA OF THE INTERVIEWED GROUP 


1. Fairness of Sample 


Letters were sent to about 340 parents of the school and preschool 
groups. This included all the names falling within the prescribed 
limitations of the desired sample. For various reasons the follow-up 
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interview was not made in some 128 cases. Different reasons listed 
were “moved—no address,” “on vacation,” “both parents working (no 
time for appointment),” etc. In only four or five cases could the 
failure be laid to a refusal to codperate. It is possible that lack of tele- 
phone to make appointments, more changes of address, etc., caused 
homes of the poorer class to be missed more often than those of the 
higher social groups, but this tendency is probably of no great signifi- 
cance. The sex ratio of the interviewed group (46 per cent were males) 
was fairly close to the ratio for the like-sexed twins of the whole school 
and preschool groups where 42 per cent were males. So far as we have 
been able to determine, the interviewed group (Table 5), represents a 
fair sample of the total number of twins located. 


TABLE 5 
Twin Pairs Whose Parents were Interviewed 


TYPE OF TWIN MALE FEMALE TOTALS 


Identical 37 57 
Fraternal 49 48 
Undetermined II 10 


Total 97 115 





2. Ages of Twins 


Dahlberg (1) gives the average age of his monozygotic group as 
about 15% years, and that of his dizygotic group (including unlike- 
sexed pairs) as about 14 years; the age range was from 3 to 8o years. 
Computing from the original data for Wingfield’s (24) groups we find 
that the average ages of his identical and fraternal (like-sexed) pairs 
were 12.0 and 12.25 years respectively. Verschuer’s (21) monozygotic 
group had an average age of 17.67 years and his dizygotic (like-sexed) 
an age of 12.35 years; the age range was from 3 months to 68 years. 
In our sample the average age of the monozygotic pairs was greater 
than that of the dizygotic by about one year. (See Table 6.) 


TABLE 6 
Age of Twins 
TYPE NO. RANGE MEAN 


Identical 94 1.66-21.42 1.82 .24 
Fraternal 97 1.42-20.18 10.74 .aI 
Undetermined a1 6.00-19.00 10.98 + .26 
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3. Ratio of Identical to Fraternal Pairs 
a. Theoretical ratio 


Weinberg (22) in 1902 proposed a method for determining the 
probable number of monozygotic twins born in a given population. His 
method is as follows: 

Assuming that sex is determined at the time of fertilization and that about half 
of all zygotes will produce males and the other half females, it follows that there 
will be equal numbers of same-sexed as opposite-sexed fraternal twins. If, there- 
fore, we double the number of opposite-sexed twins and subtract the product from 
the total of all twins, the remainder will represent the numbers of monozygotic 
twins. 

Various studies of clinical material (foetal membranes) have very 
largely confirmed the validity of this theory." When Weinberg’s rule 
is applied,* it is found that the proportion of monozygotic births varies 
considerably both as to time and to place (see Table 7). It is possible 
that the higher percentage of the monozygotic in the United States, and 
particularly in California, is the result of a differential change in the 
pre-natal death rate. 


TABLE 7 
Percentages of Monozygotic Twins at Birth by Weinberg’s Rule 


DATA TOTAL % MONOZYGOTIC 
$é ge éQ TWIN of all of like- 


i . BIRTHS i 
Various European Countries twins sexed 


(1902 and before) (13) 234,497 219,312 264,008 717,907 26.4 418 
Germany (1906-11) (8) 49,425 46,637 58,382 154,444 244 302 
United States (1919-24) (26) 40,231 38,565 40,128 118,924 325 49.1 
California (1919-23) (26) 1602 1,501 1,456 4,649 374 543 


b. Ratios in Institute study compared with ratios found by 
other investigators 


Weinberg’s method gives the ratio of identical and fraternal pairs 
that can be expected at birth. It remains to be seen whether or not this 
ratio keeps constant as the children grow older. The results of a num- 
ber of investigations are summarized in Table 8. It has been difficult 
to secure large enough groups to make the obtained ratios statistically 
reliable, and an additional important factor has been the variation in 


* Dahlberg (1) ably summarizes and discusses the literature on this subject. 
* Account must be taken of the sex ratio at birth and the difference between the 
two sexes in the prevalence of stillbirths. 
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the criteria used for identification. Merriman (10) states: “Each ex- 
aminer was asked to report whether the members of the twin pair 
being studied resembled each other closely enough to frequently cause 
confusion of identity. Unfortunately not every examiner made this 
report . . . .” Apparently he obtained this rating on only 67 pairs 
out of the 131 like-sexed pairs in his sample. Fisher (3) by statis- 
tical manipulation of the correlation coefficients for certain anthropo- 
metric measurements of Lauterbach’s (9) like-sexed twins concludes 
that “about 59 per cent appear to be identical.” Wingfield (24) put in 
the identical group “only those twins that the examiner and the teachers 
of the school unanimously agreed upon as identical in physical appear- 
ance.” The criteria employed by Verschuer (21), Dahlberg (1), and 
Newman (12) have been previously described and are similar to those 
used in this study. 


TABLE 8 
Ratios of Identical and Fraternal Types of Twins Among Like-sexed Pairs 


NUMBER PER CENTS * 
INVESTIGATOR Ident. Frat. Total Ident. Frat. 


Merriman 22 45 67 33 + 3.9 67 + 3.9 
Lauterbach & Fisher a .- 149 59+28 41 +28 
Wingfield 31 76 59+ 38 4138 
Dahlberg 191 50+ 2.5 sot25 
Newman 52 95 45=35 553.5 
Verschuer 27 56 524.5 4845 
Institute Sample? 97 «+191 4925 512.5 


1 Probable errors were determined from tables compiled by Edgerton and Patterson (2). 
2 There were in addition 21 pairs of “undetermined” type. 


As shown in the table the results of the different investigations differ 
considerably. However, where the diagnosis depended on a study of 
certain selected traits the ratios agree quite closely ;* the obtained per- 
centages are well within the probable error of their differences. Thus 
we find—in agreement with other investigators—that in our whole 
sample of like-sexed twins about one-half of the pairs are of the 
identical type. 


"We have assumed here that further study would show our undetermined group 
to contain about equal numbers of identical and fraternal pairs. However, if they 
were not thus distributed, but fell all within one group the number of identicals 
would still be between 45 and 54 per cent of the total number of like-sexed pairs. 
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c. Ratios by age groups 


If, however, we divide our sample into age groups (Table 9) we find 
that this ratio of identical to fraternal pairs was not uniform throughout 
the age range. In the group under six years of age about one-half were 
identical, but in the group of 6 to 13 years 28 per cent were identical 
as compared with 64 per cent of the 13 year and older group, and the 
difference is statistically reliable.* This difference is, of course, sur- 
prisingly high and so far we have been unable to find an adequate reason 
for it. Following is a consideration of some of the possible causes: 

1. The difference might be explained by an unequal distribution of 
identicals in the undetermined group. However, to bring the per- 
centages within the expected fifty-fifty ratio would require that all of 
the older undetermined pairs should prove to be of fraternal type and 
all the younger undetermined prove to be identicals—this, of course, 
is very improbable. 

2. We might assign the difficulty to errors in the diagnosis of type 
—but this would require that the errors be very numerous and in 
opposite directions for the younger and the older twins. The improb- 
ability of this having occurred is heightened by the fact that 93 per cent 
of the diagnoses of the two older groups were made by the same person. 

3. Selective factors affecting the sample must be considered. There 


is a possibility that in the older groups relatively fewer fraternal pairs 
were located—because the identicals, being more similar, were more 
obviously twins; the fraternal because of their dissimilarity were occa- 
sionally missed, and the older they were the more chance there was of 
their twinness remaining unnoticed. As a matter of fact, however, when 


TABLE 9 
Types of Pairs by Age Groups 
UN- 
AGE TOTAL NO. IDENTICAL FRATERNAL DETERMINED 
By pars No % No % 

Under 6 yrs. 37 1 495.5 19 51¢5.5 
6 to 13 yrs. 102 29 28+ 3.0 57 5623.4 16 6+25 
13 yrs. and over 73 47 64~38 21 29+3.6 s ygtae 


* Data from Dahlberg,(1) Verschuer,(21) and Wingfield,(24) show the same 
tendencies although to a much less degree. In Dahlberg’s sample (of like-sexed 
twins) 43% of the pairs under 13 years were identical as compared with 56%, for 
pairs 13 years and older. Similar figures for Verschuer’s samples were 48% and 
54%, and for Wingfield’s 59% and 63%. 
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the population was classified by age, it was found that we had obtained 
about as full a sample in the older as in the younger ages. The sex 
ratios also remained approximately constant. 

Of course, it is possible that the ratios we found are representative 
for the various age groups, but this too is very doubtful. There is al- 
most no literature upon the relative death rates of the two types of twins 
except as regards stillbirths or neonates. On a priori grounds it is 
very improbable that the death rate would be higher for fraternal than 
for identical pairs, and it is also unlikely that a mortality difference, 
great enough to account for our results, would have escaped previous 
observation. 

In conclusion, we can only suggest that since no one of the above 
factors seems sufficient to effect the results obtained, it may be due to 
a combination of two or more of them plus other possibly chance factors. 
It may be repeated that when the total group is considered the propor- 
tion of identical twins remains close to the theoretical expectation, using 
Weinberg’s rule and the assumption of similar death rates among the 
two types of twins. 


4. Racial Origin of the Parents 


Practically all of the parents were born in the United States or in 
north European countries (see Table 10). For reasons before stated 
an attempt was made to interview only cases in which both parents were 
predominantly of north European descent. However, these data could 
not always be secured from the identification blanks and appointments 
were made with 13 pairs not coming within this category.® In the 
absence of language handicaps or of other factors which would disturb 
the comparability of our data, the information received from these inter- 
views was included in the main sample. 


5. Social Status of the Parents 


As a means of social description of the sample, a rating of home 
environment was made for each pair. Other workers at the Institute 
have drawn up and are standardizing a “Berkeley Social Rating Scale.” 
The parts referring to “House Exterior” and “Neighborhood” were 
used in rating the homes of the twins. Under each of the above char- 
acteristics were several subdivisions ; these are summed up in a composite 


* Racial descent of these parents: in two cases, colored; in three cases, South 
European ; in one case, Jewish; in one case, Russian; and in six cases, one parent 
was German or Scandinavian and the other was Italian, Spanish, or Portuguese. 
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rating on the basis of a five point scale. As norms for this rating scale 
have not yet been worked out no comparison can be made with ratings 
for homes of the single born. However, the distribution of the score 
is very close to that expected in an unselected sample, on the assumption 
of a normal distribution curve. The figures show that the various twin 
groups were very similar in these ratings for “House Exterior” and 
“Neighborhood.” As these two characteristics are highly correlated 
with other marks of social and economic status we can conclude that the 


different groups are comparable in this respect. 


TABLE to 
Birthplace of Parents 





UNDE- 
COUNTRY OF BIRTH PARENTS JZENTICAL FRATERNAL J poyinep TOTAL 
GROUP GROUP eau 
Father 64 73 13 150 
United States ) Mother 66 73 13 152 
Scandinavian Father 5 3 3 II 
Countries Mother 4 4 I 9 
Great Britain Father 6 14 0 20 
and Colonies } Mother 6 13 I 20 
ather 6 3 0 9 
Germany, Austria i other 5 ; . 8 
Russia, Poland, Father 2 oO 2 4 
Finland | Mother 2 o 2 4 
Others, and Father II 4 3 18 
not reported | Mother II 5 3 19 
Father 04 97 aI 212 
Totals Mother 94 97 a1 212 
TABLE 11 
Age, in Years, of Parents at Birth of the Twins 
TYPE OF TWIN no." MEDIAN MEAN S. D. 
Father— 
Identical 80 31.99 .45 36.76 + .36 700+ .25 
Fraternal 93 33.08 + .42 36.26 .34 712+ .24 
Undetermined 17 34.66 + .95 33.47 = .75 708+ .55 
Single Born— 293 32.05 32.58 .22 
(Berkeley Survey) 
Mother— 
Identical 81 29.99 + .40 30.12 + .32 6.36 + .22 
Fraternal gI 30.50 .40 30.04 .32 §.72+ .23 
Undetermined 16 30.00 + .32 30.62 + .26 2.29 .18 
Single Born— 293 28.07 28.81 .19 


(Berkeley Survey) 
With data. 
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6. Age of Parents 


The average age of the parents at the birth of the twins is shown in 
Table 11. There is no very significant difference in this respect between 
the parents of the three groups. The mean age of the fathers was about 
thirty-six years, while that of the mothers was about thirty years. 
When compared with the age of the parents of the single-born children 
studied in the Berkeley survey (see Table 11), we find that the parents 
of the twins averaged slightly older. This is probably due to the 
increased ratio of twin births among parents of greater age. (See— 
9. Birth Order of Twin Pregnancies.) 


7. Family Size 


The fertility of twin-bearing parents has been much discussed. Many 
of the older writers assumed that twinning was correlated with increased 
fertility. However, Dahlberg (1) after reviewing the literature states 
that “an increase of the relative fertility in twin-bearing mothers is not 
statistically proved, and the results of investigations rather speak against 
the existence of such an increase.” In the families from which our 
twins were drawn the number of children per family is represented by 
a mean of 3.94 with an S. D. of 1.89.%° In other words, each pair of 
twins had, on the average, 1.94 single born sibs. There is no significant 
difference between the identical and fraternal groups in this respect. 

In another study at the Institute, data were secured concerning the 
sibs of 1,037 representative school children of Berkeley. If we segre- 
gate from our sample the twin pairs of the same age range (9 through 
14 years), we have a group that is comparable with the Berkeley chil- 
dren. The averages of the two groups were as follows: 


Mean number of sibs of Berkeley single births :-— 
1.96 + .04 with S. D. of 1.61 

Mean number of sibs of twin births :— 
1.83 + .12 with S. D. of 1.62 


The difference between the two is not statistically reliable. 


The distribution of family size is shown in the following table where 
the number of sibs per individual, or twin pair is given in per cent: 


*” The data presumably include all living births; no attempt was made to secure 
data on miscarriages, abortions, or stillbirths. 
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e. g., 15.5 per cent of the Berkeley children and 17.8 per cent of the 
twin pairs had no siblings. 
TABLE 12 
Siblings of Twins and “Normal” Children 

NUMBER OF SIBS rs) I 2 3 4 5 6 7 8 
Berkeley Single Births 15.6 29.7 25.4 149 62 39 22 8 7 3 
Twin Births 178 36.7 189 122 56 56 II 22 0 ° 

From these data we must conclude that the mothers of the twins 
had about the same number of fruitful pregnancies as the mothers of 
single born; that the twin families were larger was due solely to the 
fact that some of the pregnancies were double. 


8. Percentage of Plural Births in Family 


We secured data on the number of children in 203 families. Three 
of these families had two pairs of twins each. In one case the second 
pair, girls, had died at birth, in the other two cases the second pair were 
of unlike-sex. One family included in the survey had three pairs of 
twins (besides three other children). Two of these pairs were of unlike- 
sex. Adding these five extra pairs of twins to the 203 pairs included 
in the investigation makes a total of 208 pairs. As there were 508 
births ** in the families from which the sample is taken it follows that 


34.8 per cent of the fruitful pregnancies resulted in the birth of twins. 


9. Birth Order of Twin Pregnancies 


Birth records show that there is a positive correlation between the 
proportion of twin births and the number of pregnancies of the mother. 
But as it is also known that older mothers tend to have a higher propor- 
tion of twins, it is difficult to segregate the two factors. The increase 
with pregnancies may be due to the age factor alone as, of course, the 
average age of mothers is less at early pregnancies than it is at later ones. 
In studies of birth statistics of the Registration Area of the United States 
for 1924 (26), the mothers have been separated into five age groups. 
In each group, the percentage of twin births increased markedly and 
regularly with the increase in pregnancy number. For example, in the 
mothers of 30-34 years the rate per thousand births is 11.6 at first 
pregnancy, 12.8 at second, 13.7 at third, 15.3 at fourth, with a similar 


"In this case the delivery of twins is considered as one birth. Data upon the 
incidence of twins among relatives of the present sanple are given by Wilson (28) 
in another paper. 
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increase until at the tenth pregnancy the rate is 24.2 per thousand. How. 
ever, it may be that this apparent increase is simply due to a displace- 
ment within each group. In Australian statistics the twin frequency is 
given by each year of age of the mother. Dahlberg (1) using these 
figures concludes that “the number of preceding births does not influence 
twin frequency.” 

At the interviews, data were secured concerning the birth order of 
the twins as well as the total number of children in the family. This 
information is summarized in the following table: 


TABLE 13 
Birth Order of Twin Pregnancies 
(Percentages are computed only for the larger numbers) 
IDENTICAL FRATERNAL UNDETERMINED ALL TYPES 


(90 prs. with (94 prs. with (19 prs. with (203 prs. with 
data) data) data) 


% Twin 
Pregnancies 


Pregnancies 


Pregnancies 
No. Twin 
No. Twin 
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In all three groups the percentage of twins born at the first pregnancy 
is surprisingly low, yet in no case is the difference between percentages 
statistically reliable. In all types combined 29.4 per cent of the first 
pregnancies resulted in the birth of twins as compared with 42.1 per cent 
of the second pregnancies. (Difference 12.7 + 3.4) 


10. Length of Pregnancy 
To secure this information the mothers were asked, “What was the 
length of the pregnancy? Were the babies born at the time expected ?” 
Usually such answers were received as: “born at eight months,” “two 
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weeks short,” “a week overtime,” “about at term.” The accuracy of 
such data is, of course, in considerable doubt, but there appears to be no 
reason to suspect the comparability of the records for the different 
groups of twins. A difference in central tendency between the identicals 
and fraternals might be significant even though the individual reports 
are of low validity. As a matter of fact, in the following table (No. 
14), a shorter average term appears to be indicated for the identicals.’* 


TABLE 14 
Length of Pregnancy 


BORN “BEFORE BORN “LATER 


TOTAL NO. EXPECTED” THAN EXPECTED” 


TYPE ANSWERS No. Per cent Av. time No. Per cent Av. time 
Identical 80 34 4252%3.7 .93 months 3 3821.5 .33 months 
Fraternal 81 22 270+3.0 .72months 7 8622.2 .53 months 
Undetermined 15 6 40.0 1.05 months I .25 months 


If this is true, a possible inference may be that parturition is hastened 
by the more abnormal conditions contingent upon single placentation. 
Such an inference, however, would need to be considered in relation to 
possible differences between identicals and fraternals in abortions, still- 
births, and infant mortality. 


11. Health of Mother and Ease of Delivery 


Mothers who had borne single children were able to make a compari- 
son between the difficulty of pregnancy and of delivery in the case of the 
single children as compared with the twins. So far as is indicated by 
their testimony, no significant differences appeared, other than those 
related to carrying a greater weight and of slightly more difficult after- 
birth when two foetal membranes were involved. The use of instru- 
ments was of about the same frequency for twins as for other children, 
with no significant difference between the identical and fraternal groups. 
In the undetermined group, however, an exceptionally large percentage 
of mothers complained of difficult deliveries. In view of the small 
number of cases, this may be merely a chance phenomenon. It is hoped 
that a further study of individual cases may throw more light upon the 
relationship of pre-natal and neo-natal factors to the later developmental 
characteristics of twins. 


* There was no significant difference between the boy and the girl pairs. 
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12. Foetal Membranes 


Accurate data concerning the foetal membranes of a pair of twins 
would be exceedingly valuable evidence in determining their type. As 
we had hoped to use such data, particular care was taken to secure as 
much and as reliable information as was possible. The better informed 
mothers were questioned about the chorion and placenta; others were 
asked if there were one or two after-births or sacs that had held the 
babies. Although most of the women questioned were entirely codper- 
ative, it was found impossible to get much reliable information. The 
difficulty was largely due to the mother’s ignorance of the function and 
significance of the membranes. 


13. Weights at Birth 


Robertson (15) has assembled figures on the birth weight of chil- 
dren. Using data from England, United States, Germany, Denmark, 
and Australia he shows that the average birth weight in pounds varies 
from 7.18 to 7.96 for males and 7.08 to 7.58 for females. However, 
there are very few reports upon the average weights of twins at birth 
and even fewer instances where the twins have been divided into iden- 
tical and fraternal groups. Miller (11), in his report on 3,883 pairs, 


gave the average weight at birth, of the individual twin, as 4.82 pounds 
(2,190 grams) for the male and 3.89 pounds (1,770 grams) for the 
female. These very low averages may possibly be due to the type of 
population he was dealing with, his data being secured from a charity 
hospital in the poorer part of Moscow. 


TABLE 15 


Weights and Intra-pair Differences in Weights of Twins at Birth 
(expressed in pounds) 


NO. MEAN WEIGHT 
TYPE OF PAIR (pairs) OF INDIVIDUALS INTRA-PAIR DIFFERENCES 
MEDIAN MEAN 


A. Dahlberg’s 


Identical 59 5.11 
Fraternal 207 5.29 


B. Institute Sample 
Identical 88 600+ . 
Fraternal 92 6132 . 
Undetermined 1% 6042. 
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Silberstein (18), Rabinowitsch (14), Hust (7), and Tauber (19) 
have given figures of birth weight in which the identical and fraternal 
twins have been kept separate. Dahlberg (1) has recompiled these 
data with all cases of stillborn sorted out (Table 15). His tables give 
the weights by months of pregnancy—those born at seven months, at 
eight months, etc. When these figures are combined we get the follow- 
ing: In 59 pairs of identicals the average weight of the individual is 
5.11 pounds ; in 207 pairs of fraternals the weight is 5.29 pounds. 

The birth weight data for the different groups in our survey are 
summarized in the following table: 


TABLE 16 
Weights at Birth 


NO. MEDIAN S. D. 
(Individuals) 
Identical 176 6.02 + 1.40 + 
Fraternal 184 6.30 . 1.452 
Undetermined 36 650+ . . 169+ . 


Male 182 6402 . 1.35 
Female 5.95 = 1.50 + 


First-born* 613 . 1.452 
Second-born 6.31 + 1.48 + 


Combined 6.21 . r 1452 . 


1 Seven cases of Caesarian birth omitted. 


There was no reliable difference in the mean weights between identical 
and fraternal, nor between first-born and second-born; the males 
weighed slightly more than the females. The mean weight of the indi- 
viduals of all groups (6.00 + .05 Ibs.) is considerably higher than that 
noted by Dahlberg (see Table 15). However, it must be borne in 
mind that our figures represent the birth weights of twin pairs who have 
survived to an average age of ten years or more. It is very probable 
that the infants who are heavier at birth have a greater chance of sur- 
viving. In this case, a population of the ages here studied would be 
largely selected from such children. 


14. Intra-pair Differences in W eights at Birth 


The weight of a child at birth is dependent upon many factors. 
These would include nutritive and other environmental conditions within 
the uterus, length of time of development and the hereditary factors for 
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size. All of these factors may differ for the two members of a pair 
of fraternal twins, and for the identical all may differ except the heredi- 
tary make-up, which is assumed to be the same. (It is improbable that 
the reversed asymmetry phenomena would play much part in causing 
intra-pair differences in weight.) However, many investigators have 
found that there is often a very great difference in birth weights between 
the two members of a monozygotic pair. 

Some authors claim that there is usually more intra-pair difference 
between identical twins than between fraternal. Dahlberg, in the same 
table he compiled for average birth weights, gives the average intra- 
pair difference in weight for the two types. Our findings differ from his 
considerably as is shown in Table 15. In our sample, the fraternal 
showed more intra-pair differences than the identical; this group was 
also more variable in these differences. 

There is, however, one important criticism of this method of com- 
puting intra-pair difference in weight in that no account is taken of the 
total weight of a pair. One pound difference in a pair of twins with a 
combined weight of eight pounds is hardly comparable with a like differ- 
ence in a pair weighing fifteen pounds. To allow for this factor, we 
used the following method in computing the intra-pair differences: 
The difference between the weight of the two members of a pair was 
divided by the average weight of the pair and this ratio,- , expressed 
in per cent, is used as a measure of intra-pair difference. 


TABLE 17 


Intra-pair Differences in Weight at Birth, Expressed as a Percentage of the 
Average Weight of Each Pair. (See also Graph I, with explanation) 


TYPE OF NUMBER PRS. MEDIAN MEAN Ss. D. OF 
TWIN WITH DATA DIFFERENCE DIFFERENCE DIFFERENCE 


Identical 88 9.00 + .75 12.76 .57 11.72 .40 


Fraternal 92 10.90 + .95 16.28 = .75 16.40 .60 
Undetermined 18 9.33 + 2.20 13.76 = 1.80 16.40 + 1.60 


Table 17 shows the result of this computation and the data are ex- 
pressed graphically in Graph I. There is apparently no very significant 
difference between the groups; the mean for the fraternals is higher, 
but the differences between the means are not statistically reliable. 
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SAK ome IOEUTICAL 7 PAIRS 
0 0 Oem ae FRATERNAL 91 PAIRS 


Graro I.—A comparison of intra-pair differences in weight at 
birth; see Table 10. The difference in weight between the two mem- 
bers of each pair was divided by the average weight of the two. The 
numbers along the abscissa represent this ratio expressed in per cent; 
the numbers on the ordinate represent the number of cases. The fol- 
lowing is an example of the method used: Weight of Ist twin is 7 Ibs., 
weight of and twin is 6 Ibs. The average (A) would be 6.5, the 
difference (D) 1.0, R= +® or 15.38%. If there were 4 such cases 


A 65 
they would be plotted at P. 


F,. SUMMARY 


1. A census was made of the twins in four school systems, totalling 
75,000 enrollment. The total number of individual twins located 
(1,051) was close to the number expected on the basis of U. S. census 
data for plural births, a correction being made for differential death rate. 

2. Of 471 pairs with both members living, 28 per cent were male, 
39 per cent female and 33 per cent mixed. The comparable figures for 
860 pairs in five other investigations are 30, 40, and 30. 

3. In addition to the school twins, the survey located 115 preschool 
pairs and 144 adult pairs of twins. These showed approximately the 
same sex ratios, except for a smaller proportion of unlike-sex pairs. 

4. A sub-sample was selected for further study of developmental 
and familial characteristics. This group consisted of like-sexed twins 
of school and preschool age, whose parents were of the white race and 
born in the United States or northern Europe. Data from 212 pairs 
were secured by means of a standardized interview with the mothers. 
The pairs were classified as of identical, fraternal, or undetermined type 
and the characteristics of each group studied. 

5. The ratio of identical to fraternal pairs in the whole interviewed 
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group was about 50:50, which is close to the theoretical expectation; 
there was, however, considerable variation in the ratio when the sample 
was divided into age groups. Approximately 10 per cent of the pairs 
were classified as of “undetermined” type on the basis of interview data. 

6. The average age of the parents at the birth of the twins was 
slightly higher than that of the parents of single born in the same 
locality. There were no significant differences in the data for the 
parents of the different types of pairs. 

7. In a comparison of the known sample with 1,037 representative 
school children of single births, of the same age range, the known pairs 
were found to have approximately the same number of sibs as the chil- 
dren of single births. In other words, mothers bearing twins had only 
an average fertility in terms of number of pregnancies. 

8. In the families interviewed about one-third of the fruitful preg- 
nancies resulted in the birth of twins. 

9g. In conformity with previous findings, there was an apparent 
tendency for relatively few twins to be born at the first pregnancy. 

10. More identical than fraternal twins were “born before expected” 
but the data were too meager to be more than suggestive. 

11. From the testimony of the mothers there is no evidence of more 
difficulty during pregnancy and delivery of twins, than during preg- 
nancy and delivery of single born children. 

12. Interview data concerning foetal membranes failed to give de- 
pendable results. 

13. The average weight at birth of the individual twins was about 
six pounds. There was no reliable difference between the identical and 
fraternal, nor between the first-born and second-born; the usual sex 
difference was found, the males weighing more than the females. 

14. When the identical and fraternal groups were compared for 
intra-pair differences in birth weight (in pounds), the fraternals 
showed a greater average difference, and their differences were more 
variable. These results, however, were not confirmed when the intra- 
pair differences were computed in relation to the total weight of each 
pair. 
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NOTES 


LONGEVITY: A PEDIGREE’ 


The accompanying pedigree (Fig. 1) is noteworthy for two things; 
first, because it is extremely unusual to find both husband and wife 
living at such advanced ages as 96 years; and, second, because of the 
high incidence of great longevity in this family group as a whole. This 
latter point may perhaps be brought more strikingly home to the mind 
by recalling that, on the average, only about 14 persons in a hundred 
born reach the age of 80; only 6 in a hundred born reach the age of 85; 
a fraction less than 2 in a hundred the age of 90; and only about 4 per- 
sons in a thousand reach the age of 95. 

In the present chart ¢ denotes a male and 2 a female. The figures 
within the circle of a sex sign indicate the age at which that individual 
died, except in those cases which have the letters Liv. below, where the 
figures indicate the age at the time of the report (1926), when the 
person was still living. The Roman numerals indicate generations. The 
figures below the sex sign denote the number of the individual in the 
pedigree, in lieu of the name. 

The chief characteristics of Nos. 17 and 18 may be summarized as 
follows: 

No. 17 was born July 14, 1830, and was therefore at the date of the 
report (December 6, 1926) 96 years, 145 days of age. Height 5 ft. 11 
in. Average weight 135 pounds, which has changed but little since the 
age of 25. Hair color (at age 25), brown; eye color, blue; blonde. He 
is of English racial stock. His active life has been spent as a clerk 
and bank cashier. He has never engaged in heavy manual labor. He 
was born in a city, and has always lived in cities. His health has always 
been fairly good. He has never had a surgical operation. He has had 
measles, whooping cough, and typhoid fever, but never scarlet fever, 
diphtheria, malaria, pneumonia, or other serious illness. Twenty-five 
years ago (i. e., at about the age of 71) he developed a hernia and has 
since worn a truss. Has “always been a temperate user of whiskey, 





*From the Department of Biology of the School of Hygiene and Public Health 
of the Johns Hopkins University. 
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wine and beer.” Since 1900 has used whiskey only occasionally, seldom 
as a beverage. For 12 to 15 years in early life he smoked cigars, but 
for the last 50 years has used no tobacco. 

No. 18, the consort and also the second cousin of No. 17, was born 
April 26, 1831. She was therefore 95 years, 224 days of age on the 
date of the report. Height, 5 ft. 4 in. Average weight 130 pounds. 
Hair color (at 25 years of age), black; eye color, brown; brunette. She 
is of English racial stock. She was born in a city and has always lived 
in cities. Her health has never been very good. She had in early life 
measles, whooping cough, and malaria, but never scarlet fever or diph- 
theria. At the age of 81 her right hip was broken, at 90 she had a 
serious illness from pleurisy, and at 93 another serious illness from a 
carbuncle. She has never had a surgical operation. She has never used 
tobacco and only “very little” alcohol. She states that her life has been 
spent quietly “raising my children and attending to my household 
duties.” 

No. 17 and No. 18 were married on November 18, 1851, and cele- 
brated the seventy-eighth anniversary of their marriage in 1929, each 
being then approximately 99 years of age. 

This marriage produced five children. From these there have been 
produced 16 grandchildren (of whom 14 are living), and 17 great- 
grandchildren. 

At the time of the report all of the five children were living at the 
ages indicated on the pedigree. This sibship of generation VI has the 
following biometric characteristics, as of the year 1926: 

Mean age (living) = 65.8 + 2.0 years 
Standard deviation = 44+ l.0years 
Coefficient of variation = 6.6 + 1.6 percent. 


Since these five persons are all living, it is appropriate to compare 
their biometric constants with those of the living population in 1920, 
of the State in which they were born and have mainly lived. 

Mean age of living population ? 

of Georgia (1920) = 24.982 + .OI0 years 
Standard deviation = 18.834 + .007 years 
Coefficient of variation = 75-39 + .04 percent 


It seems evident that the individuals of generation VI of Pedigree 
No. 871 cannot reasonably be looked upon as a random sample, in 


? Native white of native parentage. 
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respect of age, of the total living population in the same general geo- 
graphical and climatic environment. This sibship has an average living 
age 40.8 years greater than that of a comparable living general popula- 
tion, and a very much lower variation. Glover’s Life Tables (p. 55) 
show that the expectation of life (mean after-life-time) of a group of 
persons including both sexes (as of 1910) between 65 and 66 years of 
age is 11.60 years. Hence it may be expected that this group of five sibs, 
if they die, from the time of the record on, in the same manner as the 
general population relative to age, will have an average age at death of 
about 77 years. 

The pedigree records 17 direct ancestors of the sibship constituting 
generation VI of the pedigree. Of these 15 are dead and two living. 
The biometric characteristics of this ancestral group are given below, 
including the two living parents with the 15 dead ancestors, on the 
ground that, whenever Nos. 17 and 18 may die, the value of the an- 
cestral mean cannot possibly be lower than that given below, nor the 
value of the standard deviation more than slightly higher. The 17 
direct ancestors had lived a total of 1,335 years up to the time of the 
record. 


Seventeen Direct Ancestors of Generation VI 


Mean age = 78.5 + 2.9 years 
Standard deviation = 15.9 + 1.9 years 
Coefficient of variation = 20.2 + 2.5 per cent 


These figures may be compared with the corresponding constants 
for age at death of all persons dying at age 30 and above in the United 
States Registration Area during the five years 1923-27 inclusive. 


Deaths at age 30 and above of native whites in the United States 
Registration Area, 1923-27 inclusive 


Mean age = 63.183 + .007 years 
Standard deviation = 15.509 + .005 years 
Coefficient of variation = 24.545 .008 percent 


From this comparison it appears that the direct ancestors of the 
sibship of generation VI of the pedigree died (or will die) at an average 
age 15+ years greater than that of the corresponding part of the general 
population. This is a difference of about 24 per cent. This difference 
may be looked upon as a rough index of the degree of selection for 
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longevity * which has occurred in the ancestry of the sibship of gener- 
ation VI of the pedigree. 

The sibship to which No. 18 belongs had seven members. They 
plainly break up into two differentiated groups in respect of duration 
of life. One group, consisting of four persons (Nos. 19, 21, 23, and 
24) was short lived, with an average age at death of 23.25 years. Three 
of them died of tuberculosis and one of scarlet fever. The other three 
in the sibship (Nos. 18, 20, 22) were long lived, the average number of 
years lived by these three being 86.67 years. 

From these facts a bold and reckless speculator might easily formu- 
late a Mendelian scheme to rationalize the incidence of different degrees 
of life duration in this case. It would seem, however, that such an 
enterprise could hardly be regarded as falling within what the 
Census Bureau, in a slightly different sense to be sure, calls a “gainful 
occupation.” 

Finally it may be said that the greatest care has been taken to 
authenticate the records of ages in the pedigree, and it is believed that 
they are correct. It will be noted in this connection that there is no 
record of a centenarian in this family, though Nos. 17 and 18 were, 
when last heard from in 1929, getting close to the 100 year mark. 


RAYMOND PEARL. 


*Or, more precisely, of the degree of differentiation of the ancestry from the 
general population in respect of longevity. 
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QUOTATIONS 


HARVEY’S POST-MORTEM EXAMINATION 
OF THOMAS PARR 


There have been recorded but relatively few systematic post-mortem 
examinations of centenarians. Professor George Rolleston? published 
an autopsy of a man, John Pratt, reputed to have been 106 years old at 
the time of his death, and in the course of this interesting paper gave a 
rather full abstract of Berruti’s autopsy of the Italian priest who died at 
the reputed age of 104, and briefer notes on the post-mortem examination 
of Dr. Holyoke. Keill reported in 1706 on the condition of the body of 
one John Bayles supposed—probably quite erroneously—to have been 
130 years old at death. Haller described in 1747 an autopsy of a woman 
reputed to have been a centenarian. 

There have been other similar records, but easily the most famous of 
all is William Harvey’s “Anatomical Examination of the Body of 
Thomas Parr who died at the Age of One Hundred and Fifty-two 
Years,” etc. To the popular fancy nothing could be more fitting than 
to have one of the oldest men who ever lived autopsied by one of the 
greatest of all physicians. 

Before proceeding to the quotation of Harvey’s account, however, 
it will be well to examine briefly the evidence about Parr’s age. For 
many years it was generally accepted that he was 152 years and nine 
months old at the time of his death, chiefly because Harvey had said 
so, and, even more convincing to the popular mind, because it said so 
on his tombstone in Westminster Abbey. Young? (pp. 24 and 25) says: 

Thomas Parr appears undoubtedly to have been an extremely aged man, of 
probably 100 years of age, and possibly one or two years more; especially as the 
autopsy by the distinguished Physician, William Harvey (the discoverer of the 





* Rolleston, G. Scientific Papers and Addresses. Edited by William Turner. 
Oxford (Clarendon Press), 1884. Vol. I, pp. 141-154. 

* Young, T. E. On Centenarians; and the Duration of the Human Race. A 
Fresh and Authentic Enquiry; with Historical Notes, Criticisms, and Speculations. 
A Re-issue with Seven Additional Authenticated Instances of Centenarians, and 
Further Observations. London (C. and E. Layton), 1905. Pp. viii + 147+2 
unnumbered. 
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circulation of the blood), confirmed the general statement of his advanced age. 
He is supposed to have been born at Winnington, in the Parish of Alderbury, in 
1483, while his death is recorded on the 14th of November, 1635. If these dates 
could be attested, his age at death would be 152 years 9 months and a few days. 
His reputation for extreme age depends exclusively upon his own assertion, and 
upon the lucubrations of John Taylor, who published a metrical (and doggerel) 
history of Parr in 1635, though, unhappily, Taylor furnishes no facts or figures 
of any description, proved or capable of proof, of the statements which his rude 
verses contain. Mr. Thoms had searches instituted in the Diocesan records at 
Hereford, and made numberless efforts, by means of direct enquiries and adver- 
tisements, to obtain some fragment of substantiation; but no corroborative infor- 
mation could be elicited beyond the entry of his year of death. The Registers of 
Alderbury contain no mention of him. The record of Parr’s age, Mr. Thoms 
has no difficulty in showing, rests exclusively, as in the case of Jenkins, upon the 
man’s Own unsupported personal assertions. 

Parr, therefore, may be relegated, with Jenkins, without the faintest misgiving, 
to the voluminous roll of reputed Centenarians in excess which common rumour 
and the popular love of the marvellous have produced. 


Exactly the same conclusions regarding Thomas Parr’s age were 
reached by Thoms * (pp. 85-94). 

The quotation which follows is from the Sydenham Society edition 
of Harvey’s works, translated by Robert Willis. Harvey’s original 
account first appeared in the treatise of Dr. Bett entitled “De Ortu et 
Natura Sanguinis,” 8 vo. London, 1669. The manuscript had been 


presented to Bett by Harvey’s nephew, Mr. Michael Harvey. Harvey’s 
account is reproduced in full in the following quotation. 


THE ANATOMICAL EXAMINATION 
OF THE BODY OF 


THOMAS PARR, 


WHO DIED AT THE AGE OF ONE HUNDRED AND FIFTY-TWO YEARS ; 


MADE BY 
WILLIAM HARVEY, 
OTHERS OF THE KING'S PHYSICIANS BEING PRESENT, 
ON THE 16TH OF NOVEMBER, THE ANNIVERSARY OF THE BIRTHDAY 
OF HER SERENE HIGHNESS 
HENRIETTA MARIA, QUEEN OF GREAT BRITAIN, FRANCE AND IRELAND. 


Tuomas Parr, a poor countryman, born near Winnington, in the county of 
Salop, died on the 14th of November, in the year of grace 1635, after having lived 


*Thoms, W. J. Human Longev:ty, its Facts and its Fictions including an 
Inquiry into some of the more Remarkable Instances, and Suggestions for Testing 
Reputed Cases. Illustrated by Examples. London (John Murray), 1873. Pp. 
xii + 320. 
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one hundred and fifty-two years and nine months, and survived nine princes. This 
poor man, having been visited by the illustrious Earl of Arundel when he chanced 
to have business in these parts, (his lordship being moved to the visit by the fame 
of a thing so incredible,) was brought by him from the country to London; and, 
having been most kindly treated by the earl both on the journey and during a resi- 
dence in his own house, was presented as a remarkable sight to his Majesty the 
King. 

Having made an examination of the body of this aged individual, by command 
of his Majesty, several of whose principal physicians were present, the following 
particulars were noted: 

The body was muscular, the chest hairy, and the hair on the fore-arms still 
black ; the legs, however, were without hair, and smooth. 

The organs of generation were healthy, the penis neither retracted nor extenu- 
ated, nor the scrotum filled with any serous infiltration, as happens so commonly 
among the decrepid; the testes, too, were sound and large; so that it seemed not 
improbable that the common report was true, viz. that he did public penance under 
a conviction for incontinence, after he had passed his hundredth year ; and his wife, 
whom he had married as a widow in his hundred-and-twentieth year, did not deny 
that he had intercourse with her after the manner of other husbands with their 
wives, nor until about twelve years back had he ceased to embrace her frequently. 

The chest was broad and ample; the lungs, nowise fungous, adhered, especially 
on the right side, by fibrous bands to the ribs. They were much loaded with blood, 
as we find them in cases of peripneumony, so that until the blood was squeezed 
out they looked rather blackish. Shortly before his death I had observed that the 
face was livid, and he suffered from difficult breathing and orthopneea. This was 
the reason why the axillz and chest continued to retain their heat long after his 
death ; this and other signs that present themselves in cases of death from suffoca- 
tion were observed in the body. 

We judged, indeed, that he had died suffocated, through inability to breathe, 
and this view was confirmed by all the physicians present, and reported to the King. 
When the blood was expressed, and the lungs were wiped, their substance was 
beheld of a white and almost milky hue. 

The heart was large, and thick, and fibrous, and contained a considerable quan- 
tity of adhering fat, both in its circumference and over its septum. The blood in 
the heart, of a black colour, was dilute, and scarcely coagulated; in the right 
ventricle alone some small clots were discovered. 

In raising the sternum, the cartilages of the ribs were not found harder or 
converted into bone in any greater degree than they are in ordinary men; on the 
contrary, they were soft and flexible. 

The intestines were perfectly sound, fleshy, and strong, and so was the stomach; 
the small intestines presented several constrictions, like rings, and were muscular. 
Whence it came that, by day or night, observing no rules or regular times for 
eating, he was ready to discuss any kind of eatable that was at hand; his ordinary 
diet consisting of sub-rancid cheese, and milk in every form, coarse and hard bread, 
and small drink, generally sour whey. On this sorry fare, but living in his home, 
free from care, did this poor man attain to such length of days. He even ate 
something about midnight shortly before his death. 
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The kidneys were bedded in fat, and in themselves sufficiently healthy; on their 
anterior aspects, however, they contained several small watery abscesses or serous 
collections, one of which, the size of a hen’s egg, containing a yellow fluid in a 
proper cyst, had made a rounded depression in the substance of the kidney. To 
this some were disposed to ascribe the suppression of urine under which the old 
man had laboured shortly before his death; whilst others, and with greater show 
of likelihood, ascribed it to the great regurgitation of serum upon the lungs. 

There was no appearance of stone either in the kidneys or bladder. 

The mesentery was loaded with fat, and the colon, with the omentum, which 
was likewise fat, was attached to the liver, near the fundus of the gall-bladder ; in 
like manner the colon was adherent from this point posteriorly with the peritoneum. 

The viscera were healthy; they only looked somewhat white externally, as they 
would have done had they been parboiled; internally they were (like the blood,) 
of the colour of dark gore. 

The spleen was very small, scarcely equalling one of the kidneys in size. 

All the internal parts, in a word, appeared so healthy, that had nothing hap- 
pened to interfere with the old man’s habits of life, he might perhaps have escaped 
paying the debt due to nature for some little time longer. 

The cause of death seemed fairly referrible to a sudden change in the non- 
naturals, the chief mischief being connected with the change of air, which through 
the whole course of life had been inhaled of perfect purity,—light, cool, and mobile, 
whereby the precordia and lungs were more freely ventilated and cooled; but in 
this great advantage, in this grand cherisher of life this city is especially destitute ; 
a city whose grand characteristic is an immense concourse of men and animals, 
and where ditches abound, and filth and offal lie scattered about, to say nothing of 
the smoke engendered by the general use of sulphureous coal as fuel, whereby the 
air is at all times rendered heavy, but much more so in the autumn than at any 
other season. Such an atmosphere could not have been found otherwise than in- 
salubrious to one coming from the open, sunny and healthy region of Salop; it 
must have been especially so to one already aged and infirm. 

And then for one hitherto used to live on food unvaried in kind, and very 
simple in its nature, to be set at a table loaded with variety of viands, and tempted 
not only to eat more than wont, but to partake of strong drink, it must needs fall 
out that the functions of all the natural organs would become deranged. Whence 
the stomach at length failing, and the excretions long retained, the work of con- 
coction proceeding languidly, the liver getting loaded, the blood stagnating in the 
veins, the spirits frozen, the heart, the source of life, oppressed, the lungs infarcted, 
and made impervious to the ambient air, the general habit rendered more compact, 
so that it could no longer exhale or perspire—no wonder that the soul, little con- 
tent with such a prison, took its flight. 

The brain was healthy, very firm and hard to the touch; hence, shortly before 
his death, although he had been blind for twenty years, he heard extremely well, 
understood all that was said to him, answered immediately to questions, and had 
perfect apprehension of any matter in hand; he was also accustomed to walk about, 
slightly supported between two persons. His memory, however, was greatly im- 
paired, so that he scarcely recollected anything of what had happened to him when 
he was a young man, nothing of public incidents, or of the kings or nobles who had 
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made a figure, or of the wars or troubles of his earlier life, or of the manners of 
society, or of the prices of things—in a word, of any of the ordinary incidents 
which men are wont to retain in their memories. He only recollected the events 
of the last few years. Nevertheless, he was accustomed, even in his hundred and 
thirtieth year, to engage lustily in every kind of agricultural labour, whereby he 
earned his bread, and he had even then the strength required to thrash the corn. 


R. P. 
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